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Description 

FIELD OF THE INVENTION 

5 The present invention relates to diastereoselective processes for preparing optically active c/s-nucleosides and 
nucleoside analogues and derivatives. The novel processes of this invention allow the stereo-controlled synthesis of a 
given enantiomer of a desired cis-nucleoside or nucleoside analogue or derivative in high optical purity. This invention 
also relates to novel intermediates useful in the processes of this invention. 

10 BACKGROUND OF THE INVENTION 

Nucleosides and their analogues and derivatives are an important class of therapeutic agents. For example, a 
number of nucleosides have shown antiviral activity against retroviruses such as human immunodeficiency virus (HIV), 
hepatitis B virus (HBV) and human T-lymphotropic virus (HTLV) (PCT publication WO 89/04662,and European Patent 
15 publication 0349242 A2). Among the nucleosides shown to have antiviral activity are 3'-azido-3'-deoxythymidlne (AZT) 
and 2'3'-dideoxycytidine (DDC). 

Most nucleosides and nucleoside analogues and derivatives contain at least two chiral centers (shown as * in formula 
(A)), and exist in the form of two pairs of optical isomers (i.e.. two in the c/s-configuration and two in the trans- configu- 
ration). However, generally only the c/s-isomers exhibit useful biological activity 
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Different enantiomeric forms of the same c/s-nucleoside may, however, have very different antiviral activities. M.M. 
Mansuri et al., "Preparation Of The Geometric Isomers Of DDC. DDA, D4C and D4T As Potential Anti-HIV Agents'*, 

30 Biooro.Med.Chem. Lett.. 1 (1), pp. 65-68 (1991). Therefore, a general and economically attractive stereoselective syn- 
thesis of the enantiomers of the biologically active c/s-nudeosides is an important goal. 

It is known that racemic mixtures can be separated using chiral auxiliaries (see. e.g.. EP-A-226042). EP-A-071926 
discloses the preparation a 4'-carboxyadenosine derivative in racemic form. 

Many of the known processes for producing optically active nucleosides and their analogues and derivatives modify 

35 naturally occurring (I.e., optically active) nucleosides by altering the base or by altering the sugar via reductive procedures 
such as deoxygenation or radical initiated reductions. C.K. Chu et al., "General Synthesis Of 2',3'-Dideoxynucleosldes 
And 2*.3 -Didehydro-2'.3*-Dideoxynucleosides." J.Ora.Chem.. 54. pp. 2217-2225 (1989). These transformations involve 
multiple steps, including protection and deprotection and usually result in low yields. Moreover, they begin with and 
maintain the optical activity of the starting nucleoside. Thus, the nucleosides produced by these processes are limited 

40 to specific analogues of the enantiomeric form of tiie naturally occurring nucleoside. In addition, these procedures require 
the availability of the naturally occurring nucleoside, often an expensive starting nraterial. 

Other known processes for producing optically active nucleosides rely on conventional glycosylation procedures to 
add the sugar to the base. These procedures invariably give anomeric mixtures of c/s-and frans-isomers which require 
tedious separation and result in lower yields of the desired biologically active c/s-nucleoside. Improved glycosylation 

45 methods designed to yield only tiie c/s-nucleoslde require addition of a 2'- or 3'-substituent to the sugar. Because tiie 
2'- or 3'-substituent Is only useful in controlling c/s-nucleoside synthesis in one configuration (when the 2' or 3' substituent 
is tranS'Xo the 4' substituent), multiple steps are required to introduce tills substituent in the proper configuration. The 
2'- or 3'-substituent must ttien be removed after glycosylation. requiring additional steps. L. Wilson and D. Liotta. "A 
General Metiiod For Controlling Stereochemistry In The Synthesis Of 2'-Deoxyribose Nucleosides", Tetrahedron Lett.. 

so 31. pp. 1815-1818 (1990). Furthermore, to obtain an optically pure nucleoside product, tiie starting sugar must be opti- 
cally pure. This also requires a series of time-consuming synttieses and purification steps. 
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SUMMARY OF THE INVENTION 

The present invention overcomes the difficulties and shortcomings of the prior art and provides processes for pro- 
ducing optically active c/s-nucleotides and nucleoside analogues and derivatives of formula (I) 

R1OCH2V 



wherein 

W is O, S. S=0, SO2. NZ. or CH2: 
X is O. S. S=0. SO2. NZ, CH2. CHF. CH, CHN3. or CHOH; 
IS Y is O. S. CH2. CH, CHF, or CHOH; 

Z is hydrogen, hydroxyl, alkyt or acyl; 
Ri Is hydrogen or acyi; and 

R2 is a purine or pyrimidine base or an analogue or derivative thereof; 
provided that when Y is CH2 and X is O. S, S=0 or SO2. W is not O. S, S=0 or SO2; and further provided that when X 
20 is CH then Y is also CH. 

The processes of this invention comprise the step of glycosylating a desired purine or pyrimidine base or analogue 
or derivative thereof with a single enantiomer of the compound of formula (II) 

25 W 



wherein R3 is a substituted cartx>nyl or carbonyl derivative and Lisa leaving group. Glycosylation is accomplished using 
a Lewis acid of the formula (ill) 



(III) 



R5— Si— Rg 

R7 



wherein R5, Bq, R7. and Re are defined below and the resulting intermediate is reduced to give a nucleoside or nucleoside 
analogue or derivative of formula (I). 

45 The processes of this invention have the advantages of allowing preparation of a nucleoside of formula (I) (or ana- 
logues or derivatives thereoO without using expensive starting materials, cumbersome protection and deprotection steps 
or addition and removal of 2'- or 3'-substituents. The processes of this invention produce nucleosides in high yields, with 
high purity and high optical specificity. The processes of this invention have the further advantage of generating nucle- 
osides whose stereoisomeric configuration can be easily controlled simply by the selection of the appropriate starting 

50 materials. 

DETAILED DESCRIPTION O F THE INVENTION 

In the processes for preparing optically active compounds of this invention in a oonf igurational- and diastereo-selec- 
55 tive manner, the following definitions are used: 

R2 is a purine or pyrimidine base or an analogue or derivative thereof. 
A purine or pyrimidine base is a purine or pyrimidine base found in naturally occurring nucleosides. An analogue 
thereof is a base which mimics such naturally occurring bases in that their structures (the kinds of atoms and their 
arrangement) are similar to the naturally occurring bases but may either possess additional or lack certain of the func- 
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tional properties of the naturally occurring bases. Such analogues include those derived by replacement of a CH moiety 
by a nitrogen atom, e.g., 5-azapyrimidines such as 5-azacytosine) or vice versa (e.g.. 7-deazapurines. such as 7-dea- 
zaadenine or 7-deazaguanine) or both (e.g., 7-deaza, 8-azapurines). By derivatives of such bases or analogues are 
meant those bases wherein ring substttuents are either incorporated, removed, or modified by conventional substituents 
known in the art. e.g.. halogen, hydroxy!, amino, Ci^e a^M- Such purine or pyrimidine bases, analogues and derivatives 
are well known to those skilled in the art. 

A ''nucleoside analogue or derivatrve" is a nucleoside which has been modified in any of the following or combinations 
of the following ways: base modifications, such as addition of a substituent (e.g., 5-fluorocytosine) or replacement of 
one group by an isosteric group (e.g., 7-deazaadenine); sugar modifications, such as substitution of the C-2 and C-3 
hydroxyl groups by any substituent, including hydrogen (e.g., 2',3'-dideoxynucleosides), replacement of any ring CH 
group or the ring oxygen with a heteroatom; alteration of the site of attachment of the sugar to the base (e.g., pyrimidine 
bases usually attached to the sugar at the N-1 site may be, for example, attached at the N-3 or C-6 site and purines 
usually attached at the N-9 site may be, for example, attached at N-7); alteration of the site of attachment of the base 
to the sugar (e.g., the base may be attached to the sugar at C-2, such as iso-DDA); or alteration of configuration of the 
sugar-base linkage (e.g.. cis or trans configurations). 

R3 is a carbonyl substituted with hydrogen, hydroxyl, trialkylsilyl. trialkylsiloxy, Ci^ alkyl. Cj-zo araikyl. Ci_3o alkoxy. 
Ci_3o amine (primary, secondary or tertiary), C1-30 thiol; C6-20 aryl; Ci_20 alkenyt; Ci_20 alkynyl; 1 ,2-dicarbonyl, such as 

O O 

U I 
CH^-C-C- 

substituted with Ci_6 alkyl or C6-20 a^^yl; anyhdrides such as 

O O 

II II 
CH3-C-O-C- 

substituted with Ci-e alkyl or C6-20 aryt; azomethine substituted at nitrogen with hydrogen, Ci_20 alkyl or C1-10 alkoxy 
or Ci.10 dialkylamino or at cartx>n with hydrogen, C1-20 alkyf, or C1-20 alkoxy; thiocartx)nyt (C=S) substituted with 
hydroxyl, Ci_20 alkoxy. or C1-20 thiol; a homologue of carbonyl. e.g.. 

O 

II 

-ccHj-; 



a homologue of thiocarbonyl, e.g., 

S 
II 

-ccHj-; 



or a homok)gue of azometiiine. such as 

N- 

II 

-CCHj-. 



The preferred substituted cartK)nyl/cartx)nyl derivatives are alkoxycarbonyls. such as methyl, ethyl, isopropyl, t-butyt 
and menthyl; cart}oxyls; diethyl-carboxamide; pyrrolidine amide; methyl ketone and phenyl ketone. The more preferred 
substituted cartx>nyl/carbonyt derivatives are esters and carkxsxyls and the most preferred are esters. 
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R4 is a chiral auxiliary. The term "chiral auxiliary" describes asymmetric molecules that are used to effect the chemical 
resolution of a racemic mixture. Such chiral auxiliaries may possess one chiral center such as methylbenzylamine or 
several chiral centers such as menthol. The purpose of the chiral auxiliary, once built into the starting material, is to allow 
simple separation of the resulting diastereomeric mixture. See, for example. J. Jacques et al. . Enantioma's. Racemates 

5 And Resolutions, pp. 251-369, John Wiley & Sons, New York (1981). 

R5, Re and R7 are independently selected from the group consisting of hydrogen, Ci_20 alkyi (e.g., methyl, ethyl, t- 
butyl). optionally substituted by halogens (F, CI, Br, I), Ci_6 alkoxy (e.g.. methoxy) or Ce_2D aryloxy (e.g., phenoxy); C7-20 
aralM (e g . benzyl), optionally substituted by halogen. C1-20 alkyI or C1-20 alkoxy (e.g., p-methoxybenzyt); C6-20 aryl 
(e.g., phenyl), optionally substituted by halogens. C1-20 alkyI or Ci_2o alkoxy; trialkytsilyl; halogens (F. CI. Br. I). 

10 Rs is selected from the group consisting of halogen (F. CI, Br, I); Ci_20 sulphonate esters, optionally substituted by 
halogens (e.g.. trif luoromethane sulphonate); Ci_20 alkyI esters, optionally substituted by halogen (e.g., trifluoroacetate); 
polyvalent halides (e.g., friiodide); trisubstltuted silyl groups of the general formula (R5)(R6)(R7)Si (wherein R5, Re, and 
R7 are as defined above); saturated or unsaturated selenenyl C6-20 aryt; substituted or unsubstituted C6-20 arylsulfenyl; 
substituted or unsubstituted Ci_20 alkoxyalkyi; and trialkylsitoxy. 

15 L is a leaving group", i.e.. an atom or a group which is displaceable upon reaction with an appropriate purine or 
pyrimidine base, with or without the presence of a Lewis acid. Suitable leaving groups include acyloxy groups, alkoxy 
groups, e.g., alkoxy carbonyl groups such as ethoxy cartx)nyl; halogens such as iodine, bromine, cNorine, or fluorine; 
amido; azido; isocyanato; substituted or unsubstituted, saturated or unsaturated thiolates. such as thiomethyl or thiophe- 
nyl; substituted or unsubstituted. saturated or unsaturated seleno. seleninyl. or selenony! compounds, such as phenyl 

20 setenide or alkyI selenide. 

A suitable leaving group may also be -OR, where R is a substituted or unsubstituted, saturated or unsaturated alkyI 
group, e.g., Ci-e alkyI or atkenyl group; a substituted or unsubstituted aliphatic or aromatic acyl group, e.g.. a Ci_e 
aliphatic acyt group such as acetyl and a substituted or unsubstituted aromatic acyl group such as benzoyl; a substituted 
or unsubstituted. saturated or unsaturated alkoxy or aryloxy cart)onyt group, such as metiiyl cartx)nate and phenyl car- 

25 bonate; sul)stituted or unsubstituted sulphonyl imidazole; substituted or unsubstituted aliphatic or aromatic amino car- 
bonyl group, such as phenyl cart>amate; substituted or unsubstituted alkyI imidiate group such as ti'ichloroacetamidate; 
substituted or unsubstituted. saturated or unsaturated phosphonate. such asdiethylphosphonate; substituted or unsub- 
stituted aliphatic or aromatic sulphinyl or sulphonyl group, such as tosylate; or hydrogen. 

As used in tills application, the term "alM" represents a substituted (by a halogen, hydroxyl or Ce-zo aryl) or unsub- 

30 stituted straight chain, branched chain, or cyclic hydrocarbon moiety having 1 to 30 carbon atoms and preferably, from 
1 to 6 cariDon atoms. 

The terms "alkenyl" and "alkynyr represent sut>stituted (by a halogen, hydroxyl or Ce_20 aryl) or unsubstituted 
straight, branched or cyclic hydrocarbon chains having 1 to 20 carbon atoms and preferably from 1 to 5 carbon atoms 
and containing at least one unsaturated group (e.g.. ally!). 
35 The term "alkoxy" represents a substituted or unsubstituted alkyl group containing from 1 to 30 carbon atoms and 
preferably from 1 to 6 carbon atoms, wherein tiie alkyl group is covalently bonded to an adjacent element through an 
oxygen atom (e.g.. methoxy and ethoxy). 

The term "amine" represents alkyl, aryl. alkenyl. alkynyl. or aralkyi groups containing from 1 to 30 carbon atoms 
and preferably 1 to 1 2 carbon atoms, covalentiy bonded to an adjacent element through a nitrogen atom (e.g., pyrrolidine). 
40 They include primary, secondary and tertiary amines and quaternary ammonium salts. 

The term "thior' represents alkyl. aryl, aralkyi, alkenyl or alkynyl groups containing from 1 to 30 carbon atoms and 
preferably from 1 to 6 cartoon atoms, covalently bonded to an adjacent element through a sulfur atom (e.g., thiomethyl). 

The term "aryl" represents a cartx)cyclic moiety which may be substituted by at least one heteroatom (e.g.. N. O. 
or 8) and containing at least one benzenoid-type ring and preferably containing from 6 to 15 carbon atoms (e.g., phenyl 
45 and naphthyl). 

The term "aralkyi" represents an aryl group attached to the adjacent atom by an alkyl (e.g., benzyl). 
The term "alkoxyalkyi" represents an alkoxy group attached to the adjacent group by an alkyl group (e.g.. meth- 
oxymetiiyl). 

The term "aryloxy" represents a substituted (by a halogen, trif luoromethyl or C1-5 alkoxy) or unsubstituted aryl nix)iety 
50 covalentiy bonded through an oxygen atom (e.g.. phenoxy). 

The term "acyl" refers to a radical derived from a carboxylic add. substituted (by a halogen (F, CI. Br, I). Cb_20 aryl 
or Ci_e alkyl) or unsubstituted, by replacement of the -OH group. Like tiie acid to which it is related, an acyl radical may 
be aliphatic or aromatic, substituted (by a halogen, Ci_5 alkoxyalkyi. nitro or O2) or unsubstituted. and whatever the 
structure of the rest of the molecule may be, the properties of the functional group remain essentially tiie same (e.g., 
55 acetyl, propionyi, isobutanoyi, pivaloyl, hexanoyl. tirifluoroacetyl, chloroacetyl. and cyclohexanoyi). 

A key feature of the processes of this invention is the use of a substituted cart>onyl or cart>onyl derivative as R3 
instead of a protected hydroxymethyl group as previously described in the art. Surprisingly, the substituted carbonyl or 
cartx)nyl derivative is not cleaved by exposure to a Lewis acid, as would have been expected by one of skill in the art 
when a Lewis add of formula (III) is added to a mixture of silyiated purine or pyrimkJine base and the sugar conrpound 



5 



10 



15 



EP 0 515 156 B1 

of formula (II). Instead, the substituted cartx)nyl/carbonyl derivative in the intermediate of formula (Vl) forces the purine 
or pyrimidine base (Rz) to add in the c/s-configuration relative to the substituted carbony[/cartx)nyl derivative group. 
Without a substituted carbonyl or cart)onyl derivative attached to C4' (for example, when a hydroxymethyl group is instead 
used), the coupling procedures described in Step 4 below will result in a mixture of cis- and frans-isomers. 

Another key feature of the processes of this invention is the choice of Lewis acid. The Lewis acids used in the 
preparation of compounds of formula (0 have the general formula (III) 

R. - Si - 
5 , 8 



wherein R5. Re, R7 and Re are as defined previously. These Lewis acids may t>e generated in situ or prepared using 
any method known in the art (e.g.. A.H. Schmidt, "Bromotrimethylsilane and lodotrimethylsilane-Versatile Reagents for 
Organic Synthesis", Aldrichimica Acta. 14, pp. 31 -38 (1981). The preferred Lewis acids of this invention are iodotrimeth- 
20 ylsilane and trimethylsilyl trif late. The preferred R5, Re and R7 groups are methyl or iodine. The most preferred R5, Re 
and R7 group is methyl. The preferred Re groups are iodine, chlorine, bromine or sulphonate esters. The nfK>st preferred 
Re groups are iodine and trif luoromethane sulphonate. 

In the prefenred process of this invention, cis- and transAsomers of a sugar of formula (IQ 
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(II) 



are separated by fractional crystallization and the desired conf igurational isomer selected. The selected cis- or the trans- 
isomer may then be chemically resolved using a chiral auxiliary. The pure chiral auxiliary-sugar diastereomer is then 
coupled to a silylated purine or pyrimidine base in the presence of a Lewis acid to afford an optically active nucleoside 
of cis- configuration which is subsequently reduced to give a nucleoside of formula (f). 
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Schemes 1 A and 1 B depict this preferred process as applied to any nucleoside of formula (I). 
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SCHEME IB 



W^O STHPl W^OH OH 



(IV) (V) 



STEP 2 



»»3 



W^L <^ ^ (TRANS) 

— (CIS) + '^'^ "T^L 

(+)CHIRAL AUXILIARY^ \ (-) CHIRAL AUXILIARY 

STEP3 



I 



(VI) 



I ^ 

H«* \^Y ^ \ i 

I STEP4 j 

,".-< T (vn) -| 

j STEPS I 
X-^ \^Y 



The various steps as iilustrated in Schemes 1 A and 1 B may be briefly described as follows: 
Step 1 : The starting cartx}nyl-sugar of formula (IV) can be prepared by any method known in the art. E.g.. Farina and 
Benigni. **A New Synthesis Of 2,3'-Dideoxy-nucleosides For Aids Chemotherapy**, Tetrahedron Letters. 29, pp. 1239- 
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1242 (1988) and M. Okabe et al. "Synthesis Of The Dideoxynucleosides ddC and CNT From Glutamic Add, Rlbonol- 
actone and Pyrimidine Bases", J. Org. Chem. . 53, pp. 4780-4786 (1988). The cart>onyl group of this starting compound 
is reduced chemosetectivety with a suitable reducing agent, such as disiamylborane to give the cis- and frans-isomers 
of formula (V). Ordinarily, less c/s-isomer is produced than trans. 

5 Step 2: The hydroxyl group in the intermediate of formula (V) is readily converted to a leaving group by any method 
known in the art (e.g., TW. Greene Protective Groups In Oroanic Synthesis, pp. 50-72, John Wiley & Sons, New York 
(1981)) to give the novel intermediates of formula (II). 

This anomeric mixture is then separated by fractional crystallization into the two conf igurational isomers. The solvent 
may be adjusted to select for either the cis- or frans-isomer. D.J. Pasto and C.R. Johnson, Organic Structure Determi- 

10 nation, pp. 7-10, Prentice- Hall, Inc., New Jersey (1969). 

Step 3: Either the cis- (Scheme 1 A) or frans-isomer (Scheme 1 B) of formula (II) is chemically resolved using a chiral 
auxiliary (R4). A suitable chiral auxiliary is one of high optical purity and where the mirror image is readily available, such 
as d-and l-menthol. The resulting diastereomers of formula (VI) are easily separated by fractional crystallization. Alter- 
natively, either the c/s- or the frans-isomer may be resolved enzymatically or by other methods known in the art. J. 

15 Jacques et al., Enantiomers. Racemates And Resolutions, pp. 251-369. John Wiley & Sons, New York (1981). 

The optical purity of the diastereomer (VI. VII or 1) can be determined by chiral HPLC methods, specific rotation 
measurements and NMR techniques. If the opposite enantiomer is desired, it may be obtained by using the mirror image 
of the chiral auxiliary initially employed. For example, if the chiral auxiliary d-menthol produces a (-i-)-enantiomer nucle- 
oside, its mirror image, l-menthol. will produce the (-)-enantiomer. 

20 Step 4: A previously silylated (or silylated in situ) purine or pyrimidine base or analogue or derivative thereof is then 
glycosylated with the resulting pure diastereomer in the presence of a Lewis acid of formula (III), such as iodotrimeth- 
ylsilane (TMSI) or trimethylsilyl trif late (TMSOTf). to give a nucleoside of c/s-conf iguration of formula (VII) . This nucleoside 
is optically active and is substantially free of the conresponding frans-isomer fi.e., it contains no more than 25%. preferably 
no more than 10% and more preferably no more tiian 5% of the frans-isomer). Coupling of the intermediate of formula 

25 (VI) to the purine or pyrimidine base in this step proceeds in higher yields with the c/s^somer. 

The preferred silylating agent for pyrimidine bases is t-butyldimethylsilyl triflate. It is believed that the bulky t-txJtyl 
group increases yields by weakening the interaction between the Lewis acid arxi silylated pyrimidine base. 

The preferred method of mixing reagents in Step 4 is to first add the chiral auxiliary-sugar of formula (VI) to the 
silylated purine or pyrimidine base. The Lewis acid of formula (111) is then added to the mixture. 

30 Step 5: The c/s-nucleoside obtained in Step 4 may then be reduced with an appropriate reducing agent to remove 
the chiral auxiliary and give a specific stereoisomer of formula (I). The absolute configuration of this stereoisomer cor- 
responds to that of the nucleoside intermediate of formula (VII). As shown in Scheme 1 , either the cis- (Scheme 1 A) or 
the frans-isomers (Scheme IB) obtained in Step 2 will yield a cis end product. 

A second process for the diastereoselective synthesis of compounds of formula (0 is illustrated by Scheme 2. The 

35 process of Scheme 2 is useful when optically pure starting material may be readily obteined commercially or easily 
prepared by known methods. 

The optically active starting material is chemoselectively reduced and the resulting hydroxyl group converted to a 
leaving group. The diastereomeric mixture may be carried on further to compounds of formula (I) in a manner analogous 
to that described in Scheme 1 . Optionally, tiie diastereomeric mixture may be separated by fractional crystallization and 

40 each isolated optically active diastereomer may be carried on further to compounds of formula (1). 
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Scheme 2 depicts the second process of this invention as applied to any nucleoside. 

SCHEME 2 





The various steps involved in the synthesis of the nucleosides of fornruila (I) as depicted in Scheme 2 may be 
briefly desaibed as follows: 

Step 1 : The starting material of formula (IV) may be obtained commercially in optically pure form or prepared according 



10 



EP 0 515 156 B1 



to the procedures of Farina and Benigni, "A New Synthesis Of 2,3'-Dideoxy-nucleosides For Aids Chemotherapy", Tet- 
rahedron Letters. 29. pp. 1239-1242 (1988) and M. Okabe et al. "Synthesis Of The DIdeoxynucleosides ddC and CNT 
From Glutamic Acid, Ribonolactone and Pyrimidine Bases", J. Org. Chem.. 53. pp. 4780-4786 (1988). The single Isomer 
of formula (IV) is chemoselectively reduced by a suitable reducing agent, such as disiamylborane to give a mixture of 
two diastereomers of formula (V). 

Step 2: The hydroxyl groups of the two diastereomers of formula (V) are converted to leaving groups by any method 
known in the art to give a mixture of two diastereomers of formula (II). 

Step 3: The diastereomeric mixture of formula (II) is reacted with previously silylated (or silylated in situ) purine or 
pyrimidine base or analogue or derivative. Then, addition of a Lewis acid of formula (III), such as rodotrlmethylsilane 
(TMSI) or trimethytsilyl triflate (TMSOTf) yields a nucleoside of c/s-configuration of formula (VIII). This nucleoside is 
substantially free of the corresponding /raA7s-isomer. 

Step 4: The optically active c/is-nucieoside of formula (VIII) is reduced stereospecif ically with a reducing agent pref* 
erably lithium triethylborohydrtde or lithium aluminum hydride and vnore preferably sodium borohydride in an appropriate 
solvent such as tetrahydrofuran or diethyl ether to give the compound of formula (I). 

Alternatively, at the end of Step 2. either the cis-or the /ransnsomer may be separated out of tiie diastereomeric 
mixture of formula (11) by fractional crystallization or chromatography. The solvent may be adjusted to select for either 
the cis- or the frans-isomer. The single diastereomer of formula (II) would then be carried fbnward as described in Steps 
3 and 4 to a compound of formula (I). 

Schemes 3. 4 and 5 illustrate the application of the process of Scheme 2 to the synthesis of the enantiomers of cis - 
dtdeoxynudeoslde analogues. 
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Although the process is illustrated using specific reagents and starting materials, it will be appreciated by one of 
skill in the art that suitable analogous reactarrts and starting materials may be used to prepare analogous compounds. 

SCHEME 3 




The various steps illustrated in Scheme 3 may be tviefly described as follows: 
Step 1 : The starting material (2R)-5-oxo-2-tetrahydrofuran carboxylic add (IX) is available from commercial sources or 
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by synthesis from D-glutamic add M. Okabe et al. "Synthesis Of The Dideoxynudeosides ddC and CNT From Glutamic 
Acid, Ribono-lactone and Pyrimidine Bases", J. Org.Chem.. 53, pp. 4780-4786 (1988). The starting material is esterified 
with an alcohol such as ethanol in the presence of an acylating agent such as oxalyl chloride and an esterif ication catalyst 
such as 4-dimethy!amino-pyrimidine and a base such as pyridine in a compatible solvent such as dichloromethane. The 
esterified compound is reduced with an appropriate reducing agent such as disiamylborane in a compatible organic 
solvent, such as tetrahydrofuran (A. Pelter et al., "Borane Reagents". Academic Press, p. 426 (1988)), to give the com- 
pounds of formula (X). 

Step 2: The conrpounds of formula (X) is reacted with an acid chloride or acid anhydride, such as acetic anhydride, 
in the presence of pyridine and an acylation catalyst such as 4-dimethylaminopyrimldine, to give the compounds of 
formula (XI). 

Step 3: The mixture of cis- and frans-acetoxy compound of formula (XI) is reacted with 5-fluorocytosine or other 
pyrimidine base or analogue thereof. The purine or pyrimidine base or analogue is preferably silated with hexamethyl- 
disilazane or more preferably silylated in situ with t-butyldimethylsilyl trif late in a compatible organic solvent, such as 
dichloromethane containing a hindered base, preferably 2.4,6-collidine. 

A Lewis add, preferably one derived from the compounds of formula (111), more preferably iodotrimethylsilane or 
trimethyl-silyl triflate, is then added to give the £is compound of formula (Xll) in a highly diastereoselectlve manner 

Step 5: The optically active cis-nudeoside (with some trans- isomer) of formula (Xll) is reduced stereospecifically 
with a reducing agent, preferably sodium borohydride in an appropriate solvent, such as ethanol to give, after purification, 
the compound of formula (XIII). 

It will be appreciated by one of skill in the art that if the enantiomer of formula (XIII) is desired, the starting material 
of formula (IX) would be (2S)-5-oxo-2'tetrahydrofuran carboxylic acid (Scheme 4) and the process would proceed just 
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SCHEME 4 

O 




(xni) 
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SCHEME 5 




The various steps illustrated in Scheme 5 may be briefly described as follows: 
Step 1 : The starting material (2R)-5-oxo-2-tetrahydrofuran carboxylic add (IX) is esterif led with an alcohol such as eth- 
anol in the presence off an acytating agent such as oxalyl chloride and an esterif icatlon catalyst such as 4-dimethytamino- 
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pyridimine and a base such as pyridine in a compatible solvent such as dichloromethane. The esterified compound is 
reduced with an appropriate reducing agent such as disiamylborane In a compatible organic solvent, such as tetrahy- 
drofuran to give the compounds of formula (X). 

Step 2: The compounds of formula (X) is reacted with an acid chloride or acid anhydride, such as acetic anhydride. 
5 in the presence of pyridine and an acylatlon catalyst, such as 4-dimethytaminopyrimidine, to give the conpounds of 
formula (XI). 

Step 3: The mixture of c/s- and f/ans-acetoxy compound of formula (XI) is reacted with N-acetyl cytosine or other 
pyrimidine base or analogue thereof. The purine or pyrimidine base or analogue is preferably silated with hexamethyt- 
disilazane or more preferably silylated in situ with trimethylsilyl triflate in a compatible organic solvent, such as dichlo- 
10 romethane containing a hindered base, preferably 2,4,6-coIlidine. 

A Lewis acid, preferably one derived from the compounds of formula (III), more preferably iodotrimethylsilane, is 
then added to give nucleoside In a highly diastereoselective manner. The pure c/s- nucleoside is obtained by trituration 
with an appropriate sulvent such as ethyl acetate and hexanes. 

The N-acetyl group is hydrotyzed preferably under acidic conditions and more preferably with trif luoroacetic acid in 
IS a compatible organic solvent such as isopropanol. preferably under reflux, to give the deacylated compounds of formula 
(XIV). 

Step 4: The optically active ds-nucleoside of formula (XtV) is reduced stereospecifically wrtti a reducing agent, 
preferably sodium borohydrlde in an appropriate solvent, such as ethanol to give the corrpound of formula (XV). 
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In the diastereoseiective processes of this invention, the following intermediates are of particular importance: 




wherein R3, R4 and L are as defined above and provided that in intermediates of formula (VIII). when X is CHN3, then 
R2 is not adenine or an analogue or derivative of adenine; 

cis and frans-2R-carboethoxy-5-hydroxytetrahydrofuran; 

cis and frans-2S-carboethoxy-5-hydroxytetrahydrofuran; 

cis and frans-2R-carboethoxy-5-acetoxytetrahydrofuran: 

cis and frans-2S-carboethoxy-5-acetQxytetrahydrofuran; 

1'S-(N-4-acetylcytosin-1-yl)-4'R-carboethoxytetrahydrofuran; 

1*S-(cytosin-1-yl)-4'R-carboethoxytetrahydrofuran: 

1 'R-(5-f luorocytosin-1 -yl)-4*S-carboethoxytetrahydrofuran and 1 'S-CS-lluorocytosin-l -yl)-4*S-carboethoxytetrahy- 
drofuran; and 

1 'S-(5-f luorocytosin-1 -yI)-4'R-cart)oethoxytetrahydrofuran and 1 'R-(5-f luorocytosin-1 -yl)-4*R'Carboethoxytetrahy- 
drofuran. 

The following examples illustrate the present Invention in a manner of which it can be practiced but, as such, should 
not be construed as limitations upon the overall scope of the processes of this invention. Except where specifically noted, 
all [a]D measurements were recorded at ambient temperature. 
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Example 1 

2R-CARBOETHOXY-5-QXO>TETRAHYDROFURAN 

5 



' 10 




15 

To a cold (CC) stirred solution of 5-oxo-2R-tetrahydrofurancarboxylic acid (3 g. 23 mmol), 4-dimethyfaminopyri- 
dlne (141 mg, 0.05 equivalents), and pyridine (3.92 mU 2.1 equivalents) in dichloromethane (15 mL) under an argon 
atmosphere was added oxalyt chloride (2.1 1 mL, 1 .05 equivalents) over a period of 30 minutes. The cooling bath was 
removed and the reaction mixture was stin-ed at room temperature for 10 minutes. Ethanol (2.0 mL, 1.5 equivalents) 

20 was introduced and stirring was continued for another 1 hour 40 minutes. The reaction mixture was diluted with water 
and dichloromethane. followed by stirring for 10 minutes. The resultant mixture was transferred to a separatory funnel. 
The aqueous phase was removed and the organic layer was washed with 1 M HCI. saturated NaHCOa. brine, and then 
was dried (Na2S04). The solvent was evaporated under reduced pressure and the crude product thus obtained was 
subjected to column chromatography (1 :1 EtOAc-Hexane) to afford 3.23 g of the desired product as a syrup. 1H NMR 

25 (CDCl3):61.28(t,3H. J=7.1 Hz). 2.20-2.40 (m. 1H). 4.23 (d of q 2H, J=0.9, 7.1 Hz). 4.86^.96 (m 1H). 

Example 2 

CIS AND rffAA/S2R-CARBOETHOXY-5'HYDRQXYTETRAHYDROFURAN 

30 



35 




40 

A solution of disiamylborane was prepared by mixing 35 mL of BH3 THF (1 M in THF) and 35 mL of 2-methyl-2- 
butene (2 M in THF) at 0^'C followed by stirring at O^'C for 75 minutes. To this solution was introduced 2R-carboethoxy- 
5-Qxotetrahydrofuran dissolved in THF (6 mL). The resultant mixture was allowed to warm slowly to room temperature 

45 over a period of 2.5 hours and then was stirred for another 1 5 hours. Saturated ammonium chloride solution was added, 
followed by dilution with EtOAc. The above mixture was stirred for 10 minutes and then was transferred to a separatory 
funnel. The organic phase was washed successively with saturated NH4GI, brine, and then was dried (Na2S04). The 
solvent was removed on a rotary evaporator and the crude product obtained was purified by column chromatography 
(40% EtOAc-Hexanes). The desired products were Isolated in 70% yield (2.05 g) as a 2.-3 mixture of isomer epimeric 

50 at C5. Trace amount of the open form isomer was also detected {1 H NMR). The title compounds displayed the following 
spectral characteristics: ^H NMR (CDCI3): 5 1.28 (t, 2H. J=7.1 Hz). 1.30 (t, 1H, J=7.1 Hz). 1.85-2.70 (m. 4H), 2.59 (d, 
0.33H, J=55 Hz). 2.88 (d. 0.67H, J=3.1 Hz), 4.15-4.65 (m, 2H). 4.57 (d old. 0.33H. J=6.4. 8.3 Hz). 4.70 (d of d. 0.67K 
J=4.1. 8.7 Hz). 559 (m. 0.33H), 5.74 (m. 0.67H). 

55 
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Example 3 

CIS AND Tft>a/VS-2R-CARBOETHOXY-5-ACETOXYTETRAHYDRQFURAN 

5 



10 




15 

To a cold (-78**C) stirred solution of a 2:3 mixture of cis and frans-2R-carboethoxy-5-hydroxytetrahydrofuran (2.04 
g. 12.75 mmol), pyridine (1.24 mL, 1.2 equivalents), and 4-dimethylaminopyridine (16 mg, 0.01 equivalent) in dichlo- 
romethane (20 mL) was added acetyl chloride (1.09 mL. 1.2 equivalents) over a period of 5 minutes. The resultant 
mixture was stirred for 10 minutes. The -78*C cooling bath was then replaced with an ice-water bath. Stirring was con- 

20 tinued for 4.5 hours while the bath temperature was allowed to warm slowly to room temperature. The reaction mixture 
was diluted with dichloromethane and then was transferred to a separatory funnel. The organic layer was washed suc- 
cessively with water, 1 M HCI, saturated NaHCOa, brine and then was dried (Na2S04). The solvent was removed on a 
rotary evaporator and the crude product obtained was purified by column chromatography (40% EtOAc-Hexane) to 
provide 1 .757 g of the title compounds (a 5:4 mixture) as a thick oil. i H NMR (CDCI3): 6 1.28 (t, 1 .68H. J=7.1 Hz), 1 .29 

25 (t. 1.32H, J=7.1 Hz). 1.90-2.30 (m. 3H). 2.30-2.50 (m, 1H), 4.10-4.30 (m. 2H). 4.59 (t. 0.44H, J=8.0 Hz), 4.70 (d of d, 
0.56H, J=3.2. 8.9 Hz). 6.33 (d of d. 0.44H. J=1.1, 3.9 Hz), 6.46 (d. 0.56H, J=4.5 Hz). 

Example 4 

30 rS-(N-4-ACETYLCYTOSIN-VYn-4-R>CARBOETHOXYTETRAHYDROFURAN 



35 



40 




45 To a stirred suspension of N-4-acetylcytoslne (50 mg, 0.298 mmol) in dichloromethane (0.75 mL) containing 2,6- 

lutidine (35 jiL, 0.298 mmol) under an argon atmosphere was added trimethylsilyl trif luoromethanesulphonate (58 ^L, 
0.298 mmol). The resulting mixture was stinred for 15 minutes to give a light suspension. A solution of a 5:4 mixture of 
c/s-and frans-2R-carboethoxy-5-acetoxytetrahydrofuran (50 mg, 0.248 mmol) in dichloromethane (1 mL) and iodotri- 
methylsllane (35 fiL. 0.248 mmol) was sequentially introduced into the above suspension to generate a homogeneous 

so solution. The reaction was allowed to proceed at room temperature for 1 hour and 40 minutes and then was quenched 
with a half -saturated solution of Na2S203. The resulting mixture was stirred for 5 minutes and then was transferred to a 
separatory funnel with the aid of more dichloromethane. The aqueous phase was removed and the organic layer was 
washed with saturated Na2S203. water, brine and then was dried (Na2S04). The combined aqueous washings were 
reextracted with dichloromethane. The organic extracts were combined and concentrated under reduced pressure to 

55 provide 83 mg of the crude product ^H NMR analysis of the crude product indicated that a cis and trans (4:1) mixture 
of the expected nucleosides was generated. The aude product was dissolved in a minimum amount of chloroform. 
Addition of a 3:7 mixture of EtOAc-hexanes into this solution produced a white predpitate which was collected by suction 
filtration. Drying of this solid under vacuum afforded 25 mg (32%) of the title compound. ^ H NMR (CDCI3): 5 1 .33 (t, 3H, 
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J=7.1 Hz), 1.90-2.08 {m. 1H). 2.08-2.30 (m, 1H), 2.23 (s. 3H), 4.20-4.40 (m, 2H), 4.64 (t. 1H. J=7.2 Hz). 6.15 (d of d. 
1 H, J=4.0, 5.9 Hz). 7.46 (d. 1 H. J=7.5 Hz). 8.34 (br s. 1 H). 8.82 (d, 1 H. J=7.5 Hz). 

The washing was concentrated to give 58 mg of a c/s and trans mixture (5:2) of the title compound and its 1 " Isomer. 

5 Example 5 

P-L-2-.3--DIDEOXYCYTIDINE 



10 



IS 




20 

A mixture of 1'S-(N-4-acetylcytosin-1-yl)-4'R-carlx)ethoxytetrahydrofuran (49 mg. 0.158 mmol, contains ca. 4% 
of the corresponding 1 isomer) and trif luoroacetic acid (24 ^L. 2 equivalents) in ethanol (1 mL) was ref luxed under an 
argon atmosphere for 2 hours and 40 minutes. The resultant mixture consisting of 1'S-(cytosine-1-yl)-4'R-cart)oethox- 

25 ytetrahydrof uran and its V epimer was cooled to room temperature and then was diluted with ethanol (0,5 mL). Sodium 
borohydride (18 mg, 3 equivalents) was introduced and the reaction mixture was stirred for 1.5 hours. More reducing 
agent (6 mg) was added and stiring was continued lor another 1 hour 20 ntinutes. The reaction was quenched by the 
addition of 2 drops of concentrated ammonium hydroxide followed by rigorous stining for 15 minutes. The solvent was 
evaporated under reduced pressure and the aude product obtained was subjected to column chromatography (30% 

30 MeOH-EtOAc) to provide 28 mg (84%) of the title compound. The 1H NMR spectrum of this material indicated the 
presence of ca. 3% of the corresponding VR isomer. This material was dissolved in a minimum amount of methanol. 
Addition of diethyl ether to this solution generated 20 mg (60%) of the title compound as a crystalline white precipitate 
free of the V R isomer (1 H NMR). The title compound displayed the following spectral characteristics: ^ H NMR (CD30D):6 
1.60-2.00 (m. 3H). 2.25-2.43 (m. 1H). 3.59 (d of d. 1H. J=4.1. 12.2 Hz). 3.78 (d of d. 1H, J=3.1. 12.2 Hz). 4.00-4.12 (m. 

35 1 H). 5.78 (d. 1 H, J=7.4 Hz). 5.92 (d of d, 1 H, J=3.1 , 6.7 Hz). 8.02 (d, 1 H, J=7.5 Hz). 

Example 6 

rR-(5-FLUORQCYTOSIN-1-YL)-4-S-CARBQETHQXYTETRAHYDRQFURAN AND 1 ^S-(5-FLUOROCYTOSIN-VYL)- 
40 4-S-CARBQETHQXYTETRAHYDRQFURAN 



45 



SO 




55 To a stirred suspension of 5-f luorocytosine (1 92 mg, 1 .49 mmol) in dichloromethane (2 mL) containing 2,6-lutidine 

(346 nL. 2.98 mmol) under an argon atmosphere was added t-butyldimethylsi!yl trifluoromethanesulphonate 678 fiL, 
2.98 mmol). The resulting mixture was stirred for 15 minutes to give a homogeneous solution. A solution of a 2:1 mixture 
of 2S-cait>oethoxy-5R-acetoxytetrahydrofuran and 2S-carboethoxy-5S-acetoxytetrahydrofuran (250 mg. 1.24 mmoQ in 
dichloromethane (2 ml) and iodotrimethytsilane ( 1 76 )iL, 1 .24 mmol) was sequentially introduced into the above solution. 
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The reaction was allowed to proceed at room temperature for 1 hour and 30 minutes and then was quenched with a 
half-saturated solution of Na2S203. The resulting mixture was stinted for 5 minutes and then was transferred to a sepa- 
ratory funnel. The aqueous phase was removed and the organic layer was washed with saturated Na2S203. water, brine 
and then was dried (Na2S04). The solvent was removed under reduced pressure to provide the crude product which 
5 was subjected to column chromatography (15% MeOH-EtOAc) to afford 199 mg (59%) of the title connpounds as a 
mixture [7:1 (rR,4'S):(VS, 4'S) by NMR). The product displayed the following spectral characteristics: ""H NMR 
(CDCb): 6 1.15-1.40 (2 overlapping t. 3H). 1.90-2.15 (m, 2H). 2.25-2.55 (m. 2H). 4.15-4.35 (m. 2H). 4.54 (m. 0.87 Hz), 
4.82 (d of d. 0.13H. J=4.4. 8.0 Hz), 5.70-6.80 (unresolved m, 1H), 6.09 (m. 1H). 7.40 (d, 0.13H, J=6.7 Hz), 7.90-8.60 
(unresolved m, 1H). 8.48 (d. 0.87H, J=6.7 Hz). 

10 

Ex ample 7 

VS-(5-FLUORQCYTOSIN-1-YLM-R-CARBQETHOXYTETRAHYDROFURANANDrR-^5-FLUORQCYTOStN-1-YU> 
4-R-CARBOETHOXYTETRAHYDROFURAN 

15 



20 



25 




To a stirred suspension of S-f luorocytosine (38 mg, 0.297 mmol) in dichloromethane (1 mL) containing 2,6-lutidine 
(69 )iL, 0.594 mmof) under an argon atmosphere was added t-butyldimethylsilyl trifluorometiianesulphonate (137 pL, 

30 0.594 mmol). The resulting mixture was stin-ed for 1 5 minutes to give a homogeneous solution. A solution of a 5:4 mixture 
of 2R-cartx)ethoxy-5S-acetQxytetrahydrofuran and 2R-carboethoxy-5R-acetoxytetrahydrofuran (50 mg, 0.248 mmol) in 
dichloromethane (1 mL) and iodotrimethylsilane (35 jiL, 0.248 mmol) was sequentially introduced into the above solution. 
The reaction was allowed to proceed at room tenperature for 1 hour and 45 minutes and then was quenched with a 
half-saturated solution of Na^^Oa. The resulting mixture was stirred for 5 minutes and then was transfenred to a sepa- 

35 ratory funnel. The aqueous phase was removed and the organic layer was washed with saturated Na2S203, water, brine 
and then was dried (Na2S04). The solvent was removed under reduced pressure to provide the crude product which 
was subjected to column chromatography (15% MeOH-EtOAc) to afford 52 mg (77%) of the title compounds as a 1 1 :2 
[(1'R.4'R):(rS.4'R)] mixture (iH NMR). The product displayed the following spectral characteristics: ^ H NMR (CDCl3):6 
1.15-1.40 (2 overiapping t, 3H), 1.90-2.10 (m, 2H), 2.25-2.60 (m, 2H). 4.15-4.35 (m. 2H). 4.57 (m, 0.85 Hz). 4.84 (d of 

40 d. 0.15H, J=4.2. 7.8 Hz), 5.50-6.30 (unresolved m. 1H), 6.09 (m. 1H), 7.43 (d, 0.15H, J=6.7 Hz). 7.50-9.00 (unresolved 
m. 1H). 8.56 (d. 0.85H. J=6.7 Hz). 

Example 8 

45 6-U5-FLUOROV2^y-DIDEOXYCYTIDINE 



so 



55 
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To a cold (0'*C) stirred suspension of 1'R-(5-fluorocytosin-1-yi)-4'R-carboethoxytetrahydrofuran and VS-(5-fluor- 
ocytosin-1-yl)-4'R-cait)oethoxytetrahydrofuran [307 mg, 1.133 mmol. a 4:1 (1'R,4'R):(rS, 4'R) niixture of the isomers] 
in 4 mL of ethanol was added sodium borohydrlde (86 mg, 2 equivalents). The resultant mixture was stirred for 5 minutes 
and the cooling bath was removed. Stirring was continued for 75 minutes at room temperature. The reaction was 

5 quenched by the addition of 4 drops of concentrated ammonium hydroxide. After the mixture had been stirred for 15 
minutes, the solvent was removed under reduced pressure and the crude product was subjected to column chromatog- 
raphy (25% MeOH-EtOAc) to provide 197 mg (76%) of the expected 4'-hydroxymethyi products as a 4:1 mixture. One 
of the fractions collected was found to contain the titie compound in 97% purity (^ H NMR). This fraction was concentrated 
to give 14 mg of a light beige coloured foam. UV ()^sx)' 282.7. 236.4. 206.7 nm (MeOH): [a]o-SV (c, 0.7 MeOH); iH 

,0 NMR (CD3OD): 6 1.77-1.90 (m, 2H). 1.90-2.03 (m, 1H). 2.25-2.42 (m. 1H). 3.61 (d of d. 1H. J=3.3, 12.3 Hz). 3.82 (dof 
d. 1H, J=2.8. 12.3 Hz). 4.06 (m. 1H). 5.87 (m, 1H). 8.32 (d, 1H. J=7.0 Hz). 

Example 9 

15 B-D-f5■FLUORO)-2^3^-DIDEOXYCYTIDINE 



To a cold (O^'C) stirred suspension of VR-{5-fluorocytosin-1-yl)-4'S-cart)oethoxytetrahydrofuran and 1 'S-(5-f luor- 



30 ocytosin-1-yl)-4'S-cartx)ethoxytetrahydrofuran [199 mg, 0.734 mmol. a 7:1 (1'R.4'S):(rS, 4'S) mixture of the Isomers] 
in 3 mL of ethanol was added sodium borohydrtde (56 mg, 2 equivalents). The resultant mixture was stirred for 5 minutes 
and the cooling bath was removed. Stirring was continued overnight (ca. 16 hours) at room temperature. The reaction 
was quenched by tiie addition of 4 drops of concentrated ammonium hydroxide. After the mixture has been stin-ed for 
15 minutes, the solvent was removed under reduced pressure and the crude product was subjected to column chroma- 

35 tography (20% MEOH-EtOAc) to provide 112 mg (67%) of tiie expected 4'-hydroxymethyl products as a 7:1 
(rR,4'S):(1'S.4'S) mixture OH NMR). One of the fractions collected was found to contain the titie compound only (H 
NMR). This fraction was concentrated in vaa/otogive 27 mg of a white foam; UV (A^^ax)* 283.6, 238.2, 202.4 nm (MeOH); 
[ojD+96Mc, 0.7 MeOH); 1H NMR (CD3OD): 6 1.77-1.90 (m. 2H). 1.90-2.03(m. 1H). 2.25-2.42 (m, 1H), 3.61 (dofd, 1H, 
J=3.3, 12.3 Hz). 3.82 (d of d. 1H. J=2.8, 12.3 Hz). 4.06 (m. 1H). 5.87 (m. 1H). 8.32 (d. 1H. J=7.0 Hz). 

40 While we have presented a number of embodiments of our Invention, many alternatives, modifications and variations 
of these embodiments will be apparent to those of ordinary skill in the art. Therefore, it will be appreciated that tiie scope 
of this invention is to be defined by the following claims, rather than the specific examples presented above. 



Claims for the following Contracting States : AT, BE, CM, DE, DK, FR, GB, GR, IT, LU, MC, NL, PT, SE 

1 . A diastereoselective process for producing optically active c/s-nucleosides and nucleoside analogues and deriva- 
tives of fonnula( I) 

50 



25 



20 




Clainfis 



45 



55 




wherein 
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Ri is hydrogen or acyl; 

R2 is a purine or pyrimidine base or an analogue or derivative thereof; 

W is S. S=0, or SO2, O. NZ, or CH2: 

X is O. a S=0. or SO2. NZ, CH2. CHF, CH, CHN3, or CHOH; 

Y is O. S. CH2. CH. CHF, or CHOH; and 

Z is hydrogen, hydroxyl. all^ or acyl; 

provided that W is not O. S. S=0 or SO2 when Y Is CH2 and X Is O, S. S=0 or SO2; and further provided that 
when X is CH then Y is also CH; 

the process comprising the step of glycosylating the purine or pyrimidine base or analogue or derivative thereof 
with a single enantiomer of the connpound of formula (II) 



15 




(11) 



20 wherein 

R3 is selected from the group consisting of carbonyl substituted wKh hydrogen, hydroxyl, trialkylsilyi. trialkyl- 
silQxy, Cu3Q alkyl. Cy-ao aralkyi, Ci_3o alkoxy, Ci_3o amine (primary, secondary or tertiary), Ci_3o thiol, C6-20 aryl. 
C1-20 alkenyl, Ci_20 alkynyl; 1 ,2-dicari3onyt, substituted with Ci_6 alkyl or C6-20 aryl; anyhdride sut)stituted with Ci_6 
alkyl or C6-20 aryl; azomethine substituted at nitrogen with hydrogen, Ci_20 alkyl or C1.10 alkoxy or C1-10 
25 dialkytamino or at carbon with hydrogen, Ci_20 alkyl, or C1-20 alkoxy; thiocartx)nyi (C=S) substituted with hydroxyl. 
C1-20 alkoxy. or Ci^20 thiol; homologues of carbonyl; homologues of thiocartx)nyl and homologues of azomethine; 
and 

L is a leaving group, 
using a Lewis acid of the fbnmula (III) 

30 



35 




(III) 



wherein 

40 R5, Re and R7 are independently selected from the group consisting of hydrogen; Ci_20 alkyl optionally sub- 

stituted by f luoro, bromo. chloro. iodo, Ci-e alkoxy or C6-20 aryloxy; C7.20 aralkyi optionally substituted by halogen, 
C1-20 alkyl or C1-20 alkoxy; Ce-20 aryl optionally substituted by fluoro, bromo, chloro. iodo, C1.20 alkyl or Ci_20 
alkoxy; trialkylsilyi; fluoro; bromo; chloro and iodo; and 

Rs is selected from the group consisting of fluoro; bromo; chloro; iodo; Ci_20 sulphonate esters, optionally 

45 substituted by fluoro. bromo. chloro or iodo; C1.20 alkyl esters optionally substituted by fluoro, bromo, chloro or iodo; 
polyvalent halk:les; trisubstituted silyl groups of the general formula (R5)(R6)(F^7)Si (wherein R5. Re. and R7 are as 
defined above); saturated or unsaturated selenenyl C6-20 aryl; substituted or unsubstituted Ce.2D arylsulfenyi; sub- 
stituted or unsubstituted C&_20 alkoxyalkyi; and triaikylsiloxy. 

50 2. The process according to daim 1 , further comprising the step of reducing R3 of the glycosylated purine or pyrimidine 
base or analogue or derivative thereof to produce the optically active c/s-nucleoside or nucleoside analogue or 
derivative of formula (I). 

3. The process according to claim 1 . further comprising the step of resolving the compound of formula (II) Into a single 
55 enantiomer using a chiral auxiliary before glycosylating the purine or pyrimidine base. 

4. The process according to any one of claims 1 to 3, wherein R2 is a pyrimidine base. 

5. The process according to dalm 4. wherein the pyrimkiine base is cytoslne. 
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6. The process according to daim 4, wherein the pyrimidine base is 5-f tuorocytosine. 

7. The process according to any one of daims 1 to 3, wherein the Lewis add is selected from the group consisting of 
trimethylsilyt trrf late and iodotrimethylsilane. 

8. The process according to claim 3. wherein the chiral auxiliary is selected from the group consisting of (d)-menthol 
and (l)-menthol. 

9. The process according to any one of claims 1 to 3. wherein R3 is selected from the group consisting of alkoxycartx>nyl, 
cartx>xyls. diethylcart>Qxamide, pyrrolidne amide, methyl ketone and phenyl ketone. 

10. The process according to daim 9, wherein the R3 Is selected from the group consisting of alkoxycarbonyl and 
cartx)xy. 

11. An Intermediate of formula (II) 




(II) 



wherein 

W is O. S, S=0, SO2. NZ, or CH2; 

X is O. S, S=0, SO2. NZ, CH2, CHF, CH, CHN3, or CHOH; 

Y is O. S. CH2. CH. CHF. or CHOH; 

Z is hydrogen, hydroxyl, alkyi or acyf; provided that when Y is CH2 and X is O. S, S=0 or SO2. W is not O. 
S, S=0 or SO2; and further provided that when X is CH then Y is also CH; 

R3 is selected from the group consisting of cartx)nyl substituted with hydrogen, hydroxyl. trialkylsilyl. trialkyl- 
siloxy, Ci^o alkyl. C7. 30 aralkyl. Ci^ alkoxy. Ci_3o amine (primary, secondary or tertiary). C1-30 thiol. C6-20 aryl. 
C1-20 alkenyl. Ci_2o alkynyl; 1,2-dicarbonyt. substituted with alkyl or C6-20 ai'yl: anyhdrlde substituted with 
Ci_6 alkyl or Ce-zo aiTt; azomethine substituted at nitrogen with hydrogen. Ci_20 alkyl or Ci_io alkoxy or Ci_io 
dialkylamino or at carbon with hydrogen. C1-20 alkyl. or C1-20 alkoxy; tfiiocart>onyl (C=S) substituted with hydroxy!. 
Ci_2o alkoxy. or Ci_20 thiol; homologues of cartx)nyl; homologues of tiiiocartx)nyl and homotogues of azomethine; 
and 

L is a leaving group. 
12. An intermediate of formula (VI) 




(VI) 



wherein 

W is O. S. S=0. SO2. NZ. or CH2; 

X is O. S. S=0. SO2, NZ. CH2 CHF. CH. CHN3. or CHOH; 

Y is O, S. CH2. CH, CHF, or CHOH; 

Z is hydrogen, hydroxyl, alkyl or acyl; 
provided that when Y is CH2 and X is O. S. S~0 or SOa. W is not O. S, S=0 or SO2; and further provided tiiat when 
XisCH tiienYls alsoCH; 

R3 is selected from the group consisting of carbonyl substituted with hydrogen, hydroxyl, trialkylsilyl, trialkyl- 
siloxy, Ci_3o alkyl, C7_3o aralkyl, Ci_3o alkoxy, Ci_3o amine (primary, secondary or tertiary). Ci_3o thiol, C6_20 a^yl. 
Ci_ 20 alkenyl, Ci_20 alkynyl; 1 ,2-dicartx)nyl. 

sut)stituted with Ci_6 alkyl or C6-20 aryl; anyhdride substituted with Ci^ alkyl or C6-2D aryl; azomethine substituted 
at nitrogen with hydrogen, C1.20 alkyl or Ci_io alkoxy or C1-10 dialkylamino or at carbon with hydrogen, C1.20 alkyl, 
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or Ci_20 alkoxy; thiocarbonyl (C=S) substituted with hydroxyl. Ci_20 alkoxy. or C1-20 thiol; homologues of carbonyl; 
homologues of thiocarbonyl and homologues of azomethine; 

R4 is a chiral auxiliary; and 

L is a leaving group. 

13. An intermediate of formula (VII) 




(VII) 



wherein 

W is S. S=0, SO2, NZ, or CH2; 

X is O, S. S=0. SO2. NZ, CH2 CHF, CH. CHN3. or CHOH; 

Y is O. S. CH2, CH, CHF. or CHOH; 

Z is hydrogen, hydroxyl, alkyi or acyl; provided that when Y is CH2 and X is O, S, S=0 or SO2. W Is not O, 
S. S=0 or SO2; and further provided that when X is CH then Y is also CH; 
R2 is a purine or pyrim'dine base or an analogue or derivative thereof; 

R3 is selected from the group consisting of carbonyt substituted with hydrogen, hydroxyl. trialkylsilyl. trialkyl- 
siloxy, Ci_3o alkyI, C7_3o aralkyi, Ci_3o alkoxy, Ci_3o amine (primary, secondary or tertiary), Ci_3o thiol, C6-20 aryf, 
Ci_2o alkenyl. Ci_20 alkynyl; 1,2<licarbonyl, substituted with Ci_6 alkyI or C6-20 aryl; anyhdride substituted with 
Ci_6 alkyI or Ce_20 aryl; azomethine substituted at nitrogen with hydrogen, Ci_20 alkyl or Ci_io alkoxy or Ci_io 
dialkylamino or at carbon with hydrogen. Ci_2o alkyl, or Ci_20 alkoxy; thiocarbonyl (C=S) substituted with hydroxy!, 
Ci_2o alkoxy, or C1-20 thiol; homologues of carbonyl; homologues of thiocart}onyl and homologues of azomethine; 
and 

R4 is a chiral auxiliary. 
14. An intermediate of formula (VIII) 




(VIII) 



wherein 

W is O, S. S=0. SO2, NZ. or CH2; 

X is O, S. S=0. SO2. NZ. CH2 CHF, CH. CHN3. or CHOH; 

Y is O. S, CH2, CH, CHF. or CHOH; 

Z is hydrogen, hydroxyl, alkyl or acyl; 
provided that when Y is CH2 and X is O, S, S=0 or SO2. W is not O, S, S=0 or SO2; 

R2 is a purine or pyrimidine base or an analogue or derivative thereof; 
provided that when X is CH then Y \s also CH, and when X is CHN3. then R2 is not adenine or an analogue or 
derivative of adenine; and 

R3 is selected from the group consisting of cart)onyl substituted with hydrogen, hydroxyl, trialkylsilyl, trialkyl- 
siloxy, Ci_3o alkyl, Cj^o aralkyi, Ci_3o alkoxy, Ci_3o amine (primary, secondary or tertiary). Ci_3o thiol, C6-20 aryl, 
Ci_20 alkenyl, Cu20 alkynyl; 1 ,2-dicarbonyl. suljstituted with Ci_6 alkyl or C6-20 aryi; anyhdride substituted with 
Ci_8 alkyl or ary!; azomethine substituted at nitrogen with hydrogen, Ci_20 alkyl or Ci_io alkoxy or Ci_io 
dialkylamino or at carbon with hydrogen, C1-.20 alkyl, or Ci_20 alkoxy; thiocartx)nyl (C=S) substituted with hydroxyl, 
C1-20 alkoxy, or Ci_2o thiol; homologues of carbonyl; homologues of thiocartx)nyl and homologues of azomethine. 

15. An intermediate selected from the group consisting of: 

as and f/a/its-2R-cart)oethoxy-5-hydroxytetrahydrofuran; 



25 



EP 0 515 156 B1 

cis and frans-2S-carboethoxy-5-hydroxytetrahydrofuran; 
cis and frans-2R-carboethoxy-5-acetOKytetrahydrofuran; 
cis and /rans-2S-carboethoxy-5-acetoxytetrahydrofuran: 
1 'S-(N-4-acetylcytosin-l -y!)-4'R-carboethoxytetrahydrofuran; 
rS-(cytosin-1-yl)-4*R-carboethoxytetrahydrofuran; 

rR-{5-fluorocytosin-1-yl)-4*S-carboethQxytetrahydrofuran and I'S-CS-fluorocytosln-l-ylj-A'S-carboethoxytet- 
rahydrofuran; and 

1 *S-(5-f luorocytosin-1 -yf)-4'R-carboethoxytetrahydrof uran and 1 'R-(5-f luorocytosin-1 -yl)-4'R-carboethQxytet- 
rahydrofuran. 

Claims tor the following Contracting State : ES 

1. A diastereoselective process for producing optically active c/s-nucleosides and nucleoside analogues and deriva- 
tives of formula (I) 



RlOCH; 




wherein 

Ri is hydrogen or acyl; 

R2 is a purine or pyrimidine base or an analogue or derivative thereof; 

W is S, S=0. or SO2. 0. NZ, or CH2: 

X is O. S, S=0, or SO2. NZ, CH2. CHF, CH. CHN3. or GHOH; 

Y is O. S. CH2. CH. CHF. or CHOH; and 

Z is hydrogen, hydroxyl, alkyl or acyl; 
provided tiiat W is not O. S, S=0 or SO2 when Y is GH2 and X is O, S. 8:^0 or SO2; and 

furtiier provided tiiat when X is CH then Y is also CH; 
the process comprising the step of glycosylating tiie purine or pyrintidine base or analogue or derivative thereof 
with a single enantiomer of tiie compound of formula (II) 




(ID 



wherein 

R3 is selected from the group consisting of cartx)nyl substituted with hydrogen, hydroxy!, trialkylsilyl, trialkyl- 
siloxy, Ci_3o alkyl, C/. 30 aralkyi, Ci_3o alkoxy. Ci_3o amine (primary, secondary or tertiary), Ci_3o thiol, Ce-a ai'yl. 
Ci_20 alkenyl, Ci_20 alkynyl; 1,2-dicarbonyl, substituted with Ci_6 alkyl or Ce-20 aryl; anyhdride substituted with 
Ci^ alkyl or C6-20 aryl; azomethlne substituted at nitrogen witii hydrogen. C1-20 alkyl or C1-10 alkoxy or Ci_io 
dialkylanvno or at cartx)n with hydrogen, Ci-ao alkyl, or C1-20 alkoxy; thiocartx)nyl (C=S) sut)stituted with hydroxyl, 
C1.20 alkoxy, or Ci- 20 thiol; homologues of cartx)nyl; homotogues of thiocarbonyl and homdogues of azomethlne; 
and 

L is a leaving group. 
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using a Lewis acid of the formula (ill) 




5 



Rj - Si - Rg 



(III) 




10 



wherein 



R5, Re and R7 are independently selected from the group consisting of hydrogen; Ci_2o alkyi optionally sub- 
stituted by f luoro, bromo, chloro. iodo, Ci_8 alkoxy or C6-20 aryloxy; C7.2D aralkyi optionally substituted by halogen, 
Ci- 20 alkyt or Ci_2D alkoxy; C6-20 aryl optionally substituted by fluoro. bromo, chloro, iodo. C1.20 alkyi or Ci_20 
alkoxy; trialkylsilyl; fluoro; bromo; chloro and Iodo; and 
75 Rs is selected from the group consisting of fluoro; bromo; chloro; iodo; Ci_20 sulphonate esters, optionally 

substituted by fluoro. bromo. chloro or iodo; Ci_2o alkyI esters optionally substituted by fluoro. bromo, chloro or iodo; 
polyvalent halides; trisubstituted silyl groups of the general formula (R5)(R6)(R7)Si (wherein R5. Rg, and R7 are as 
defined above); saturated or unsaturated selenenyl Ce-20 aryl; substituted or unsubstituted Ce-ao arylsutfenyl; sub- 
stituted or unsubstituted C6-20 alkoxyalkyi; and trialkylsiloxy. 

20 

2. The process according to daim 1 . further comprising the step of reducing R3 of the glycosylated purine or pyrimidine 
base or analogue or derivative thereof to produce the optically active c/SHiucleoside or nucleoside analogue or 
derivative of formula (I). 

25 3. The process according to claim 1 . further comprising the step of resolving the compound of formula (I I) into a single 
enantiomer using a chiral auxiliary before glycosylating the purine or pyrimidine base. 

4. The process according to any one of claims 1 to 3, wherein R2 is a pyrimidine base. 

30 5. The process according to daim 4, wherein the pyrimidine base is cytosine. 

6. The process according to daim 4. wherein the pyrimidine base is 5-fluorocytosine. 

7. The process according to any one of daims 1 to 3. wherein the Lewis add is selected from the group consisting of 
35 trimethylsilyl trif late and iodotrtmethylsilahe. 

8. The process according to claim 3, wherein the chiral auxiliary is selected from the group consisting of (d)-merithol 
and (l)-menthol. 

40 9. Theprocessaccordingtoany oneofclaimsl to3. wherein R3 is selected from the group consisting of alkoxycartx}nyl, 
cart>oxy1s. diethylcarboxamide. pyrrolidine amide, methyl ketone and phenyl ketone. 

10. The process according to claim 9, wherein the R3 is selected from the group consisting of alkoxycarbonyl and 



cariboxy. 



45 



11. A process for produdng an intermediate of formula (II) 



50 




55 



wherein 



W is O, S. S=0. SO2. NZ, or CH2; 

X is O. S. S=0. SO2. NZ. CH2, CHF, CH. CHN3, or CHOH; 

Y is O. S, CH2. CH, CHF. or CHOH; 

Z is hydrogen, hydroxy!. alkyI or acyl; provided that when Y is CH2 and X is O, S, S=0 or SO2. W is not O. 
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S. 8=0 or SO2; and 

further provided that when X is CH then Y is also CH; 

R3 Is selected from the group consisting of cart)onyl substituted with hydrogen, hydroxy!, trialkylsilyl, trialkyl- 
siloxy, Ci_3o alkyi, C7- 30 aralkyi, Ci_3o alkoxy, Ci_3o amine (primary, secondary or tertiary), Ci_3o thiol, Ce-ao aryl, 
Ci^20 alkenyl, Ci_2o alkyny); 1,2-dicartDonyl, substituted with Ci_6 alkyl or C6-20 aryl; anyhdride substituted with 
alkyl or Cs-zo aryl; axomethine substituted at nitrogen with hydrogen, 0^20 alkyl or C1-10 alkoxy or C1-10 
diaikylamino or at cartoon with hydrogen, Ci_20 alkyl, or C1.20 alkoxy; thiocarbonyl (C=:S) substituted with hydroxy!. 
C1-20 alkoxy, or Ci. 20 thiol; homologues of carbonyl; homologues of thiocarbonyl and homologues of azomethine; 
and 

L is a leaving group; 

comprising the step of chemoselectively reducing an intermediate of formula (IV): 




(IV) 



and converting the resulting hydroxy! group to a leaving group, L. 
12. A process for producing an intermediate of formula (VI) 



wherein 

W is O, S, S=0. SO2. NZ, or CH2; 

X is O. S. S=0. SO2. NZ. CH2 CHF. CH. CHN3. or CHOH; 

Y is O. S, CH2, CH, CHF. or CHOH; 

Z is hydrogen, hydroxy!, alkyl or acyt; provided that when Y is CH2 and X is O, S. S=0 or SO2. W Is not O. 
S, S=0 or SO2; and further provided that when X is CH then Y is also CH; 

R3 is selected from the group consisting of carbonyl substituted with hydrogen, hydroxy!, trialkylsilyl. trialkyl- 
siloxy, Ci_3o alkyl, C7_3o aralkyi, Ci_3o alkoxy, Ci_3o amine (primary, secondary or tertiary), C1-30 thiol, C6-20 aryl, 
Ci_20 alkenyl, Ci_2o alkynyl; 1 ,2-dicaibonyl, substituted with Ci_6 alkyl or C6-20 aryl; anyhdride substituted with 
Ci_6 alkyl or C6_20 aryl; azomethine substituted at nitrogen with hydrogen. C1-20 alkyl or Ci^io alkoxy or Ci_io 
diaikylamino or at cartx:>n with hydrogen. C1-20 alkyl. or C1-20 alkoxy; thiocartx)nyl (C=S) substituted with hydroxy!, 
C1-20 alkoxy, or C1.20 thiol; homologues of carlx>nyt; homologues of thiocarbonyl and homologues of azomethine; 

R4 is a chiral auxiliary; and 

L is a leaving group; comprising the step of coupling an intermediate of fbmiula (11) with a chira! auxiliary: 




(II) 
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13. A process for producing an intermediate of formula (VII) 




(VII) 



wherein 

W is O. S. S=0. SO2. NZ, or CH2; 

X is O, S, S=0. SO2, NZ. CH2 CHF. CH. CHN3. or CHOH; 

Y is O. S. CH2. CH. CHR or CHOH; 

Z is hydrogen, hydroxyl. alkyi or acyl; provided that when Y is CH2 and X is O. S, S=0 or S02, W Is not O. 
S. S=0 or SO2; and 

further provided that when X is CH then Y is also CH; 

R2 is a purine or pyrimidine base or an analogue or derivative thereof; 

R3 is selected from the group consisting of cartx>nyl substituted with hydrogen, hydroxyl, trialkylsilyl, trialkyl- 
siloxy, Ci_3o alkyl. C7- 30 aralkyi, Ci_3o alkoxy, Ci_3o amine (primary, secondary or tertiary). Ci_3o thiol, C6-2D aryl, 
Ci_20 alkenyl. Ci_20 alkynyf; 1 ,2-dicarbonyl, substituted with Ci_6 alkyI or C6_20 aryl: anyhdride substituted with 
Ci_6 alkyl or C6-20 aryl; azomethine substituted at nitrogen with hydrogen, Ci_20 alkyI or C1.10 alkoxy or Ci_io 
dialkylamino or at carbon with hydrogen, Ci_20 alkyl, or Ci_20 alkoxy; thiocartx>nyl (C=S) substituted with hydroxyl, 
C1.20 alkoxy. or Ci- 20 thiol; homologues of carbonyt; homologues of thiocarbonyl and homologues of azomethine; 
and 

R4 is a chiral auxiliary; 

comprising the step of reacting an intermediate of formula (VI) with a silyfated purine or pyrimidine base or an 
analogue or derivative thereof, R2: 




(VI) 



wherein L is a leaving group. 
14. A process for producing an intermediate of formula (VIII) 




(VIII) 



wherein 

W is O. S. S=0. SO2. NZ. or CH2; 

X is O. S. S=0. SO2, NZ. CH2 CHF. CH. CHN3. or CHOH; 

Y is O, S, CH2. CH. CHF. or CHOH; 

Z is hydrogen, hydroxyl, alkyl or acyl; provided that when Y is CH2 and X is O. S. S=0 or SO2. W is not O, 

S, S=0 or SO2: 

R2 is a purine or pyrimidine base or an analogue or derivative thereof; 

provkied that when X is CH then Y is also CH. and when X is CHN3. then R2 is not adenine or an analogue 
or derivative of adenine; and 

R3 is selected from the group consisting of cartwnyl substituted with hydrogen, hydroxyl, trialkylsilyl, trialkyl- 
siloxy. Ci_3o alkyf. C7- 30 aralkyi. Ci_3o alkoxy, Ci_3o amine (primary, secondary or tertiary), C1.30 thiol. Ce-zo aryl. 
C1.20 alkenyl. C1-20 atkynyl; 1.2-dicartx)nyt. substituted with Ci-e alkyl or C&_20 aryl; anyhdride substituted with 
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alkyi or Ce-zo ai^y(; azomethine substituted at nitrogen with hydrogen. C1-20 alkyi or C1.10 alkoxy or Ci_io 
diaikylamino or at cartx)n with hydrogen. Ci_20 aikyl. or C1-20 alkoxy; thiocart)onyl (C=S) substituted with hydroxyl. 
Ci_20 alkoxy, or Ci_ 20 thiol; homologues of carbonyl; homologues of thiocarbonyl and homologues of azomethine; 
comprising the step of reacting an intermediate of formula (II) with a sllyiated purine or pyrimidine base or an ana- 
logue or derivative thereof. R2: 



wherein L is a leaving group. 

1 5. A process according to claim 11 or 1 4. wherein the produced intermediate Is selected from the group consisting of: 
cis and /rans-2R-carboethoxy-5-hydroxytetrahydrofuran; 
CIS and /rans-2S-carboethoxy-5-hydroxytetrahydrofuran; 
cis and /Aans-2R-carboethoxy-5-acetoxytetrahydrofuran; 
cis and /rans-2S-cartx)ethoxy-5-acetoxytetrahydrofuran; 
1 'S-(N-4-acetylcytosin-1 -yl)-4'R-carboethoxytetrahydrofuran; 
1'S-(cytosin-1-yl)-4'R-carboethQxytetrahydrofuran; 

rR-(5-fluorocytosin-1-yl)-4'S-carboethoxytetrahydrofuran and VS-CS-fluorocytosin-l-yO-A'S-carboethoxytet- 
rahydrofuran; and 

1 S-CS-f luorocytosin-1 -yO-4'R-carboethoxytetrahydrof uran and 1 *R-(5-f luorocytosin-1 -yl)-4'R-carboethaxytet- 
rahydrofuran. 

Patentanspruche 

PatentansprOche f Or folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, GR, IT, LU, MC, NL, PT, SE 

1 . Einen diastereoselektiven ProzeB zur Produktlon optisch aktiver cis-Nukleoside und Nukleosid-Analoga und - Deri- 
vate gemdB Fbrmel (0 



Ri ist W^sserstoff Oder Azyl; 

R2 ist eine Purin- Oder Pyrimidinbase oder ein Analogon oder Derivat davon; 

W ist S, S=0 Oder S02, 0, NZ oder CH2; 

X Ist O. S, S=rO Oder SO2, NZ. CH2, CHF. CH. CHN3 Oder CHOH; 

Y ist O. S. CH2, CH, CHF oder CHOH; und 

Z ist Wsserstoff» Hydroxyl, Alky oder Azyl; 
unter der Bedingung. daB W nicht O. S. S=0 oder SO2 ist, wenn Y ist CH2 und X ist O. S, S=0 oder SO2; und unter 
der weiteren Bedingung, daB wenn X ist CH, dann Y ist ebenfalls CH; 

den ProzeB. der den Schritt der Glykosylierung der Purin- oder Pyrimidinbase Oder des Analogons oder Derivats 
davon mit einem einzigen Enatiomer der Verbindung gemdB Forme! (II) enthdlt 




(ID 




(I) 



wobei 




(ID 
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wobei 

R3 ausgewShlt wird aus der folgenden Gruppe: Carbonyl substrtuiert mit Wasserstoff, Hydroxyl. Trialkylsilyl, 
Trialkylsiloxy, C1-30 Aikyl, C7_3o Aralkyl. Ci_3o Alkoxy, C1-30 Amin (primdr, sekunddr Oder tertidr). Ci_3o Thiol. C6.20 
Aryl. Ci^20 Alkenyl, C1-20 Aikynyl; 1 ,2-Dicarbonyl substttuiert mit AlkyI oder Cs-20 Aryl; Anhydrid substituiert 
mit Ci_ 6 AlkyI oder C6_20 Aryl; Azomethin substituiert am Stickstoff mit Wasserstoff, Ci_2o Alky! oder Ci_io Alkoxy 
Oder C1-10 Dialkylamino oder am Kohlenstoff mit Wasserstoff. Ci_20 Alky! oder Ci_20 Alkoxy; Thiocarbonyl (C=S) 
substituiert mit Hydroxyl. Ci_20 Alkoxy oder Ci_20 "Thiol; Homologe von Cart)onyl; Homolge von Thiocarbonyl und 
Homologe von Azomethin; und 

L ist erne abgehende Gruppe 
unter Benutzung einer Lewissdure gemdB Formel (III) 



(HI) 



wobei 

R5, Be und R7 ausgewahit werden aus der Gruppe bestehend aus Wasserstoff; Ci_20 Aikyl. wahlweise sub- 
stituiert mit Fluor-, Brom-, Chlor-, Jod-. Ci_6 Alkoxy Oder C6-20 Aryloxy; C7_20 Aralkyl, wahlweise substituiert mit 
Halogen, Ci_20 AlkyI oder Ci_20 Alkoxy; Ce-20 Aryl, wahlweise sut)Stituiert durch Fluor-, Brom-, Chlor-, Jod-. Ci_20 
AlkyI Oder C1-2D Alkoxy; Trialkysilyl; Ruor-; Brom-; Chlor- und Jod-; und 

Rs wird ausgewghlt aus der Gruppe bestehend aus Fluor-; Brom-; Chlor-; Jod-; C1.2D Sulfbnatestere, wahl- 
weise substituiert durch Fluor-. Brom-, Chlor- oder Jod-; Ci_20 Alkylestere. wahlweise substituiert mit Fluor-. Brom- 
, Chlor- Oder Jod-; polyvalente Halogenide; dreifachsubstituierte Silylgruppen der allgemeinen Formel 
(B5)(B6)(R7)Si (wobei R5, Re und R7 wie oben defrniert); gesdttigtes oder ungesdttigtes Selenyl Ce-20 Aryl; substi- 
tuiertes oder nicht-substituiertes Ce-zo Arylsufenyl; substituiertes oder nichtsubstituerltes Ce-zD Alkoxyalky; und 
Trialkylsiloxy. 

2. Den ProzeB gemaft Forderung 1 enthalte ferner den Schrrtt der Reduktion des R3 der glykosylierten Purin- oder 
Pyrtmidinbase bzw. des Analogons Oder Derivats davon. um das optisch aktiven ds-Nukleosid bzw. das Nukleoskl- 
Analogon oder -Der'rvat gemd3 Formel (I) hervorzubringen. 

3. Den ProzeB gemdB Forderung 1 enthalte weiterhin den Schritt der Auf bsung der Verbindung zur Formel (II) in ein 
einziges Enantiomer unter Benutzung einer chiralen Hilfssubstanz vor Glykosylierung der Purin- oder Pyrimicfin- 
base. 

4. Den ProzeB gemSB irgendeiner der Forderungen 1 bis 3, wobei R2 eine Pyrimidinbase ist 

5. Den ProzeB gemdB Forderung 4, wobei die Pyrimidinbase Cytosin ist. 

6. Den ProzeB gemdB Forderung 4, wobei die Pyrimidinbase 5-Fluorcytosin ist. 

7. Den ProzeB gemdB irgendeiner der Forderungen 1 bis 3, wobei die Lewissdure ausgewdhit wird aus der Gruppe 
bestehend aus Trimethylsilyltrif lat und Jodtrlmethylsilan. 

8. Den ProzeB gemdB Forderung 3, wobei die chirale Hilfssubstanz ausgewdhit wird aus der Gruppe bestehend aus 
(d)-Menthol und (l)-Menthol. 

9. Den ProzeB gemdB irgendeiner der Forderungen 1 bis 3. wobei R3 ausgewdhit wird aus der Gruppe bestehend aus 
Alkoxycarlx)nyl, Cart>oxyle, Diethylcaroxamid. Pyn'olklinamid, Methylketon und Phenylketon. 

10. Den ProzeB gemdB Forderung 9. wobei R3 ausgewdhit wird aus der Gruppe bestehend aus Alkoxycarbonyl und 
Carboxy. 
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11. Ein Zwischenprodukt gemSB Formel (II) 



5 




(ID 



10 wobei 

W ist O. S, S=0, S02. NZ Oder CH2; 

X ist O. S. S=0. SO2. NZ. CH2. CHF. CH. CHN3 Oder CHOH; 

Y ist O, S. CH2. CH. CHF Oder CHOH; und 

Z ist Wasserstoff, Hydroxy!, Alky oder Azyl; 
t5 unter der Bedingung, daB W nicht O, S, S=0 Oder S02 ist, wenn Y ist CH2 und X ist O, S, S=0 Oder SO2; urxi unter 
der weiteren Bedingung. daB wenn X ist CH, dann Y ist ebenfalls CH; 

R3 wird ausgewShlt aus der Gruppe bestehend aus Carbonyl substituiert mit Wasserstoff. Hydroxyl, Trial- 
kylsilyl. Trialkylsiloxy. Ci_3o Alkyl. C7.30 Aralkyl. Ci_3o Alkoxy. Ci_3o Amin (primar. sekundar Oder tertiSr). Ci_^ 
Thiol. Ce-zo Aryl. Ci_20 Alkenyl. Ci_20 Alkynyl; 1 ,2-Dicart)onyl substituiert mit Ci^ Alkyl oder C6-2D Aryl; Anhydrid 
20 substituiert mit Ci_ e Alkyl oder C6_20 Aryl; Azomethin substituiert am Stickstoff mit Wasserstoff, Ci_20 Alkyl oder 
Ci_io Alkoxy Oder Ci_io Dialkylamino Oder am Kbhienstoff mit Wasserstoff, Ci_20 Alkyl oder Ci^20 Alkoxy; Thiocar- 
bonyl (C=S) substituiert mit Hydroxyl. Ci_20 Alkoxy oder Ci-20 Thiol; Homologe von Cart)onyi; Homolge von Thrio- 
cartx)nyl und Homobge von Azomethin; und 

L ist eine at^gehende Gruppe. 

25 

12. Ein Zwischenprodukt gemdB Formel (Vt). 
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35 wobei 

W ist O. S. S=0, S02. NZ oder CH2; 

X Ist O. S. S=0, SO2, NZ. CH2. CHF, CH, CHN3 oder CHOH; 

Y ist O. S, CH2. CH. CHF oder CHOH; und 

Z ist Wasserstoff, Hydroxy!, Alky oder Azyl; 
40 unter der Bedingung. daB W nicht O, S, S=0 oder S02 ist, wenn Y ist CH2 und X ist O, S, S=0 Oder SO2; und unter 
der weiteren Bedingung. daB wenn X ist CH, dann Y ist ebenfalls CH; 

R3 wird ausgewdhtt aus der Gruppe bestehend aus Carbonyl substituiert mit Wasserstoff. Hydroxyl. Trial- 
kylsllyl. Trialkylsiloxy. C1-30 Alkyl, C7-30 Aralkyl, C1-30 Alkoxy, C1-30 Amin (primdr, sekundar oder tertiar), Ci^ 
Thiol, C6-20 Aryl, Ci_20 Alkenyl, Ci_20 Alkynyl; 1 ,2-Dicaitx)nyl substituiert mit Ci_6 Alkyl oder C6-20 Aryl; Anhydrid 
45 substituiert mit Ci_ e Alkyl oder C6-20 Aryl; Azomethin substituiert am Stickstoff mit Wasserstoff, Ci_20 Alkyl oder 
Ci_io Alkoxy Oder Ci_io Dialkylamino oder am Kbhienstoff mit Wasserstoff, Ci_20 Alkyl oder Ci_2o Alkoxy; Thiocar- 
bonyl (C=S) substituiert mit Hydroxyl, Ci_2o Alkoxy oder Ci_20 "^liol; Homologe von CartX)nyl; Homolge von Thio- 
cartx>nyl und Honrraloge von Azomethin; 

R4 Ist eine chirale Hitfssubstanz; und 
so L ist eine abgehende Gruppe. 
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13. Ein Zwischenprodukt gemdB Formel (VII) 




(VII) 



wobei 

W ist O. S. S=0, S02. NZ Oder CH2; 

X ist O, a S=0. SO2. NZ, CH2. CHF. CH. CHN3 Oder CHOH; 

Y Ist O. S. CH2, CH. CHF Oder CHOH; und 

Z ist Wasserstoff, Hydroxyl. Alky Oder Azyl; 
urrter der Bedingung, daB W nicht O. S. S=0 oder S02 1st. wenn Y Ist CH2 und X Ist O, S, S=0 Oder SO2; und unter 
der weiteren Bedingung. daB wenn X ist CH, dann Y ist ebenfalls CH; 

R2 1st eine Purin- oder Pyrlmidinbase Oder eIn Analogon oder Derivat davon; 

R3 wird ausgewahit aus der Gruppe bestehend aus Carbonyl substituiert mit Wasserstoff. Hydroxyl. Trlal- 
kylsllyl, Trialkylsiloxy. Ci_3o Alkyl. Cy-ao Aralkyl. Ci_3o Alkoxy, Ci_30 Amin (primar, sekundSr oder tertiSr), Ci_3o 
Thiol, C6-20 Aryl, C1-20 Alkenyl, Ci.20 Alkynyl; 1,2-Dicarbonyl substituiert mrt Ci-e Alkyl oder C6-20 Aryl; Anhydrld 
substituiert mit Ci_ e Alkyl oder Ce-zo Aryl; Azomethin substituiert am Stickstoff mit Wasserstoff, Ci_20 Alkyl oder 
Ci_io Alkoxy Oder Cu^o DIalkylamino oder am Kbhienstofff mit Wasser-sloff. Ci_2o Alkyl oder Ci_20 Alkoxy; TWo- 
carbonyl (C=S) substituiert mrt Hydroxyl. Ci_20 Alkoxy Oder Ci_20 Thiol; Homologe von Carbonyl; Homolge von 
TTilocartx)nyl und Homologe von Azomethin; 

R4 ist eine chirale Hilfssubstanz. 

14. Ein Zwischenprodukt gemaB Formel (VIII) 




(VIII) 



wobei 

W ist O. S. S=0. S02, NZ oder CH2; 

X ist O. S. S=0, SO2. NZ, CH2, CHF. CH. CHN3 Oder CHOH; 

Y ist O, S. CH2, CH. CHF oder CHOH; und 

Z Ist Wasserstoff. Hydroxyl, Alky oder Azyl; 
unter der Bedingung, daB W nicht O, S, S=0 oder S02 ist, wenn Y ist CH2 und X ist O. S. S=0 Oder SO2; 

R2 ist eine Purin- oder Pyrlmidinbase oder ein Analogon oder Derivat davon; 
unter der Bedingung, daB wenn X ist Ch, dann ist Y ebenfalls CH und wenn X Ist CHN3, dann ist R2 nicht Adenin 
Oder ein Analogon oder Derivat von Adenin; und 

R3 wird ausgewahit aus der Gruppe bestehend aus Cartxxiyl substituiert mit Wasserstoff, Hydroxyl. Trial- 
kylsllyl, Trialkylsiloxy, Ci_3o Alkyl, C7-30 Aralkyl, Ci^o Alkoxy. Ci-30 Amin (primar, sekundar oder tertiar), Ci_3o 
Thiol, Ce_20 Aryl, Ci_2o Alkenyl, Ci_20 Alkynyl; 1.2-Dlcarbonyl substituiert mrt Ci_6 Alkyl Oder C6-20 Aryl; Anhydrid 
substituiert mit Ci_ e Alkyl oder C6-20 Aryl; Azomethin substituiert am Stickstoff mit Wasserstoff, Ci_20 Alkyl oder 
Ci_io Alkoxy Oder Ci_io Dialkylamino oder am Kohlenstoff mit Wasserstoff. Ci_20 Alkyl oder Ci_20 Alkoxy; Thiocar- 
bonyl (C=S) substituiert mit Hydroxyl, Ci_2o Alkoxy oder Ci_20 Thiol; Homotoge von Carbonyl; Homolge von Thio- 
cart)onyl und Honx)loge von Azomethin. 

15. EIn Zwischenprodukt ausgewahit aus der Gruppe bestehend aus 
cis und trans-2R-Cartooethoxy-5- Hydroxytetrahydrofuran; 
ds und trans-2S-Cart>oethoxy-5-Hydroxytetrahydrofuran; 
ds und trans-2R-Carboethoxy-5-Azetoxytetrahydrofuran; 
ds und trans-2S-Cart>oethoxy-5-Azetoxytetrahydrofuran; 
1 •S-(N-4-Azety1cytosin-1 -yl)-4'R-Cartx)ethoxytetrahydrofuran; 
1 •S-(Cytosin-1 -yl)-4'R-Cartx)ethoxytetrahydrofuran; 

VR-(5-Fluorcytosin-1-yl)-4'S-Cartx)ethoxytetrahydrofuran und rS-{5-nuorocytosin-1-yl)-4*S-Carboethoxy- 
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tetrahydrofuran; und 

1 'S-(5-Fluorcytosln-1 -yl)-4'R-CarboethQxytetrahydrof uran und 1 'R-(5-Fluorcytosln-l -yl)-4'R-Carboethoxyte- 
trahydrofuran. 

5 PatentansprQche fOr folgenden Vertragsstaat : ES 

1 . Einen diastereoselektiven Proze3 zur Produktion optisch aktiver ci^-Nukleoside und Nukleostd-Analoga und -Deri- 
vate gemdB F=brmel (I) 

10 



IS 



30 



35 



SO 
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(I) 



wobei 

Ri ist Wasserstoff Oder Azyl; 

R2 ist eine Purin- oder Pyrimldinbase oder ein Analogon cxJer Derivat davon; 
20 W ist S. S=0 Oder SO2. O. NZ oder CH2: 

X ist O. S. S=0 Oder SO2. NZ, CH2, CHF. CH, CHN3 oder CHOH; 
Y ist O. S. CH2. CH. CHF oder CHOH; und 
Z ist Wasserstoff, Hydroxy!, AlkyI oder Azyl; 
unter der Bedingung, daB W nicht O, S. S=0 oder SO2 ist, wenn Y ist CH2 und X ist O. S. S=0 oder SO2: und unter 
25 der weiteren Bedingung, daB wenn X ist CH, dann Y ist ebenfalls CH; 

den ProzeB. der den Schritt der Glykosylierung der Purin- oder Pyrimidinbase oder des Analogons Oder Derivats 
davon mit einem einzigen Enatiomer der Verbindung gemdB Formal (II) enthatt 



(II) 

L 



wobei 

R3 ausgewdhlt wird aus der Gruppe bestehend aus Carbonyl substituiert mit Wasserstoff. Hydroxyl. Trial- 
40 kylsilyl, Trialkylsiloxy, Ci_3o Alkyl, Cy^ao Aralkyt, Ci-^ Alkoxy, Ci_3o Amin (primSr, sekundSr oder tertiSr), Ci_3o 
Thiol C6_2D Aryl, Ci_20 Alkenyl, Ci_20 Alkynyl; 1 ,2-Dlcarbonyl substituiert mit Ci_6 Alkyl oder C6-20 Aryl; Anhydrid 
substituiert mit Ci_6 Alkyl oder Ce-zo Aryl; Azomethin substituiert am Stickstoff mit Wasserstoff, C1.20 Alkyl oder 
Ci^io Alkoxy Oder C1-10 Dialkylamino oder am Kbhlenstoff mit Wasserstoff, Ci_20 Alkyl oder Ci_20 Alkoxy; Thiocar- 
bonyl (C=S) substituiert mit Hydroxyl Ci_20 Alkoxy oder Ci_20 Thiol; Homologe von Cartx)nyl; Homolge von Thlo- 
45 cartx)ny! und Homologe von Azomethin; und 
L ist eine abgehende Gruppe; 
unter Benutzung einer Lewissdure gemaB Formel (III) 



Re 

Rs - Si - R« 
I 

R7 

wobei 

R5, R5 und R7 ausgewdhlt werden aus der Gruppe bestehend aus Wasserstoff; Ci_20 Alkyl. wahlweise sub- 
stituiert mit Fluor-, Brom-. Chlor-, Jod-. Ci^e Alkoxy oder Cg.20 Aryloxy; C7_2o AralkyI, wahlweise sutsstituiert mit 
Halogen, Ci_20 Alkyl oder Ci_20 Alkoxy; C6-20 Aryl, wahlweise substituiert durch Fluor-, Brom-, Chlor-, Jod-, Ci_2o 
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AlkyI Oder Ci_2D Alkoxy; Trialkysilyl; Fluor-; Brom-; Chlor- urxi Jod-; und 

Rg wird ausgewShlt aus der Gruppe bestehend aus Fluor-; Brom-; Chlor-; Jod-; Ci_20 Sulfonatestere. wahl- 
welse substituiert durch Fluor-, Brom-, Chlor- Oder Jod-; Ci_2o Alkylestere. wahlweise substituiert mit Fluor-. Brom- 
, Chlor- Oder Jod-; polyvalente Halogenide; drerfachsubstituierte Silylgruppen der allgemeinen Fbrmel 
(R5)(R6)(R7)Si (wobel R5. Re und R7 wie oben definiert); gesattigtes Oder ungesattigtes Selenenyl Ce^20 Aryl; sub- 
stituiertes Oder nichtsubstituiertes C6-20 Arylsufenyl; substituiertes Oder nichtsubstituiertes Ce^zo AlkoxyalkyI; und 
Trialkylsiloxy. 

2. Den ProzeB gemSB Forderung 1 . der ferner den Schritt der Reduktlon des R3 der glykosyilerten Purin- Oder Pyri- 
midinbase bzw. des Anatogons Oder Derivats davon enthalte, um das optisch aktive cis-Nukleosid bzw. das Nukleo- 
sid-Analogon Oder -Derivat gemaB Formel (I) hervorzubringen. 

3. Den ProzeB gemaB Forderung 1. der weiterhin den Schritt der Aufldsung der Verbindung zur Formel (II) in ein 
einziges Enantiomer unter Benutzung einer chlralen Hilfssubstanz vor Glykosyllerung der Purin- oder Pyrimidinbase 
enthalte. 

4. Den ProzeB gemaB irgendeiner der Forderungen 1 bis 3, wobei R2 eine Pyrimidinbase ist. 

5. Den ProzeB gemaB Forderung 4, wobet die Pyrimidinbase Cytosin ist. 

6. Den ProzeB gemaB Forderung 4. wobei die Pyrimidinbase 5-Fluorcytosin ist. 

7. Den ProzeB gemdB irgendeiner der Forderungen 1 bis 3, wobei die Lewissaure ausgewahit wird aus der Gruppe 
bestehend aus Trimethytsilyltrif lat und Jodtrimethylsilan. 

8. Den ProzeB gemaB Forderung 3. wobei die chirate Hilfssubstanz ausgewahit wird aus der Gruppe bestehend aus 
(d)-Menthol und (l)-Menthol. 

9. Den ProzeB gemaB irgendeiner der Forderungen 1 bis 3, wobei R3 ausgewahit wird aus der Gruppe bestehend aus 
Alkoxycarbonyl, Cart)oxyle. Diethylcart)oxamkJ, Pynrolidinamid. Methylketon und Phenylketon. 

10. Den ProzeB gemaB Forderung 9, wobei R3 ausgewahit wird aus der Gruppe bestehend aus Alkoxycartx>nyi und 
Carboxy. 

11. Einen ProzeB zur Hersteltung eines Zwtschenprodukts gemaB Formel (II) 




wobei 

W ist O. S. S=0, SO2. N2 Oder CH2; 

X ist O, S, S=0, SO2, NZ. CH2. CHF, CH. CHN3 Oder CHOH; 

Y ist O, S, CH2, CH. CHF Oder CHOH; 

Z ist Wasserstoff. Hydroxyl, AlkyI Oder Azyl; 
unter der Bedingung. daB W nicht O, S. S=0 Oder SO2 ist. wenn Y ist CH2 und X ist O. S. S=0 oder SO2; und unter 
der weiteren Bedingung, daB wenn X ist CH, dann Y ist ebenfalls CH; 

R3 wird ausgewahit aus der Gruppe bestehend aus Cartx)nyl substituiert mit Wasserstoff, Hydroxyl, Trial- 
kylsilyl. Trialkylsiloxy, Ci_3o AlkyI. C7-30 AralkyI, Ci_3o Alkoxy, Ci^o Amin (primar. sekundar oder tertiar). Ci_3o 
Thiol. C6-20 Aryl, C1.20 Alkenyl, Ci_20 Alkynyl; 1,2-DicartK)nyl substituiert mit Ci_6 AlkyI oder C6-20 Aryl; Anhydrid 
substituiert mit Ci_6 AlkyI oder Ce-ao Aryl; Azomethin substituiert am Stickstoff mit Wasserstoff, Ci_.20 AlkyI oder 
C1.10 Alkoxy Oder C1.10 Dialkylamino oder am Kohlenstoff mit Wasserstoff. C1.20 AlkyI oder Ci_2o Alkoxy; Thiocar- 
bonyl (C=S) substituiert mit Hydroxyl, Ci_2o Alkoxy oder Ci_2o Thiol; Homologe von Carbonyl; Homolge von Thio- 
carbonyl und Homologe von Azomethin; und 

L ist eine abgehende Gruppe; 
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den Schritt der chemoseiektiven Reduktton eines ZwischenprcxJukts gemdB Formel (IV) enthaltend: 



5 




(IV) 



10 sowie zur Umwandlung der resuttierenden Hydroxylgruppe in eine abgehende Gaippe. L 
12. Einen ProzeB zur Herstellung eines Zwischenprodukts gemdB Formel (VI). 



15 




(VI) 



wobel 

W ist O. S. S=0. SO2. NZ Oder CH2: 
X ist O, S, S=0, SO2. NZ, CH2. CHF, CH, CHN3 Oder CHOH; 
25 Y ist O, S. CH2, CH. CHF oder CHOH; 

Z ist Wasserstoff, Hydroxy!. AlkyI Oder Azyl; 
unter der Bedingung, daB W nicht O. S. S=0 oder SO2 ist, wenn Y ist CH2 und X ist O. S. S=0 Oder SO2; und unter 
der weiteren Bedingung, daB wenn X ist CH, dann Y ist ebenfalls CH; 

R3 wird ausgewatilt aus der Gruppe bestehend aus Carbonyl substituiert mit Wasserstoff. Hydroxyl, Trial- 
30 kylsilyl, Trlalkylsiloxy, Ci_3o Alkyl, Cy.ao AralkyI, Ci_3o Alkoxy, Ci_3o Amin (primar, sekundSr oder tertiSr), Ci_3o 
Thiol, C6_20 Aryl. Alkenyl, Ci_20 Alkynyl; 1 ,2-Dicarbonyl substituiert mit Ci^ AlkyI oder Ce-ao Aryl; Anhydrid 
substituiert mit Ci-e AlkyI oder C6-20 Aryl; Azomethin substituiert am Stickstoff mit Wasserstoff, C1-20 AlkyI oder 
Ci_io Alkoxy Oder Ci_io Dialkylamino oder am Kohlenstoff mit Wasserstoff. Ci_20 AlkyI oder C1-20 Alkoxy; TTiiocar- 
bonyl (C=S) substituiert mit Hydroxyl, Ci^20 Alkoxy oder C1-20 Thiol; Homologe von Carbonyl; Homolge von Thio- 
35 cartx)nyl und Homologe von Azomethin; 

R4 ist eine chirale Hilfssubstanz; und 

L ist eine abgehende Gruppe; den Schritt der Kopplung eines Zwischenprodukts gemaB Formel (II) mit einer 
chiralen Hilfssubstanz enthaltend: 




(II) 



50 13. Einen ProzeB zur Herstellung eines Zwischenprodukts gemdB Formel (VII) 



55 




(VII) 



wobei 
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W 1st O. S. S=0. SO2. NZ Oder CH2; 

X ist O. S. S=0, SO2. NZ, CH2. CHF, CH. CHN3 Oder CHOH; 

Y ist O, S. CH2. CH. CHF Oder CHOH; 

Z tst Wasserstoff. Hydroxy!, AlkyI Oder Azyl; 
unter der Bedingung, daB W nicht O, S. S=0 Oder SO2 ist, wenn Y ist CH2 urxJ X ist O, S. S=0 Oder SO2: und unter 
der weiteren Bedingung. daB wenn X ist CH, dann Y ist ebenfalls CH; 

R2 ist eine Purin- Oder Pyrimidinbase Oder ein Analogon oder Derivat davon; 

R3 wird ausgewdhit aus der Gruppe bestehend aus Cartx)nyl substituiert mit Wasserstoff. Hydroxyl, Trial- 
kylsilyl, Trialkylsiloxy, Ci_3o AlkyI, Cy-so Aralkyl. Ci^ Alkoxy, Ci-^o Amin (primar, sekurxiar Oder tertiar). Ci_30 
Thiol, C6-20 Aryl, Ci_20 Alkenyl, Ci_20 Alkynyl; 1 ,2-Dicart5onyl substituiert mit Ci_6 AlkyI Oder C6-20 Aryl; Anhydrkl 
substituiert mit Ci^ AlkyI oder C6-2D Aryl; Azomethin substituiert am Stickstoff mit Wasserstoff. C1.20 AlkyI oder 
C1.10 Alkoxy Oder Ci_io Dialkylamino oder am Kohlenstoff mit Wasserstoff. Ci_20 AlkyI oder Ci_20 Alkoxy; Thiocar- 
bonyl (C=S) substituiert mit Hydroxyl. Ci_20 Alkoxy oder C1.20 Thiol; Homologe von Cart>onyl; Homolge von Thio- 
carbonyl und Homologe von Azomethin; und 

R4 ist eine chirale Hilfssut)stanz; 
den Schritt der Reaktion eines Zwischenprodukts gemaB Formel (VI) mit einer silylierten Purin- oder Pyrimidinbase 
Oder eines Analogons oder Derivats davon, R2, enthaftend: 



20 




(VI) 



25 

worin L eine abgehende Gruppe ist. 
14. Einen ProzeB zur Hersteilung eines Zwischenprodukts gemdB Formel (VIII) 



30 




(VIII) 



wobei 

W ist O. S. S=0, SO2, NZ Oder CH2; 
X ist O, S, S=0, SO2, NZ, CH2. CHF. CH. CHN3 Oder CHOH; 
40 Y ist O. S. CH2, CH. CHF oder CHOH; 

Z ist Wasserstoff, Hydroxy!. AlkyI oder Azyl; 
unter der Bedingung, daB W nicht O, S, S=0 oder SO2 ist, wenn Y ist CH2 und X ist O. S. S=0 Oder SO2; 

R2 ist eine Purin- oder Pyrimidinbase oder ein Analogon oder Derivat davon; 
unter der Bedingung. daB wenn X ist Ch, dann ist Y ebenfalls CH und wenn X ist CHN3. dann ist R2 nicht Adenin 
45 Oder ein Analogon oder Derivat von Adenin; und 

R3 wird ausgewdhit aus der Gruppe bestehend aus Carbonyt substituiert mit Wasserstoff. Hydroxyl. Trial- 
kylsilyl, Trialkylsiloxy. Ci_3o AlkyI, C7-30 Aralkyl, Ci_3o Alkoxy. Ci_3o Amin (primSr, sekundSr oder tertiar), Ci_3o 
Thiol. C6^20 Aryl. Ci_20 Alkenyl, Ci_20 Alkynyl; 1.2-Dicartx)nyl sut)stituiert mit Ci_6 AlkyI oder C6-20 Aryl; Anhydrid 
substituiert mit Ci^ AlkyI oder C6-20 Aryl; Azomethin substituiert am Stickstoff mit Wasserstoff. Ci_20 AlkyI oder 
50 C1.10 Alkoxy Oder C1.10 Dialkylamino Oder am Kohlenstoff mit Wasserstoff. C1.20 AikyI oder Ci_2o Alkoxy; Tliiocar- 
bonyl (C=S) substituiert mit Hydroxyl, Ci_20 Altoxy oder C1-20 Thiol; Homologe von Carbonyl; Homolge von Thio- 
cartx)nyl und Homologe von Azomethin; 

den Schritt der Reaktion eines Zwischenprodukts gemdB Formel (II) mit einer silylierten Pruin- oder Pyrimidinbase 
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Oder eines Analogons Oder Derivats davon. R2. enthaitend: 




(II) 



wobei L eine abgehende Gruppe ist 

15. Einen ProzeB gemdB den Forderungen 1 1 Oder 14. wobei das hergesteitte Zwischenprodukt ausgewdhit wird aus 
der Gruppe bestehend aus: 

cis und //ans-2R-Carboethoxy-5-Hydroxytetrahydrofuran; 
c/s und fra/7s-2S-Carboethoxy-5-Hydroxytetrahydrofuran; 
cis und /rans-2 R-Carboethoxy-5-Azetoxytetrahydrofuran; 
cis und ffans-2S-Caiboethoxy-5-Azetoxytetrahydrofuran; 
1 •S-(N-4-Azetylcytosin-1 -yl)-4'R-Carboethoxytelrahydrofuran; 
rS-(Cytosin-1-yl)-4'R-Carboethoxytetrahydrofuran; 

r R-{5-Fluorcytosin-1 -yl)-4'S-Carboethoxytetrahydrofuran und 1 *S-(5-Fluorcytosin-1 -yO-4*S-Carboethoxyte- 
trahydrofuran; und 

1 'S-CS-FIuorcytosln-l -yl)-4'R-Carboethoxytetrahydrof uran und 1 'R-(5-Ruorcytosin-1 •yI)-4*R-Carboethoxyte- 
trahydrofuran. 

Revendicatlons 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, GR, IT, LU, MC, NL, PT, SE 

1. Un proc^6 de synthase diast^rto^lective de c/s-nucl^sides optiquement actifs, d*anatogues et de d^riv^s de 
nucleosides de formule (I) : 




ou 

Ri repr^sente I'hydrog^e ou un groupe acyle; 

R2 repr^sente une base purique ou pyrimidique, ou un analogue ou un d^riv^ de cette base; 

W repr6sente S. S=0 ou SO2. O. NZ ou CH2; 

X repr6sente O, S. S=0 ou SO2. NZ. CHj, CHF, CH. CHN3 ou CHOH; 

Y repr6sente O. S. CH2, CH. CHF ou CHOH; el 

Z repr6sente I'hydrog^ne, ou un groupe hydroxyle, alkyle ou acyle; 
k condition que W ne soit ni O. ni S. ni S=0» ni SO2. lorsque Y est un groupe CH2 et que X est O. S. S=0 ou SO2; 
et. en plus, d condition que lorsque X est un groupe CH. Y sdt ^gatement un groupe CH; 
le proc6d6 comprenant r^tape de glycosylation de la b^e purique ou pyrimidique, ou de I'analogue ou du d^riv^ 
de cette base, avec un seul 6nantiom§re du compost de formule (II). 




(II) 



ou 

R3 est t*un des groupes suivants : carbonyle substitu6 par l*hydrog^ne ou un groupe hydroxyle. trialkylsilyle. 
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trialkysiloxy, alkyle Ci_3o. aralkyle C7-30, alkoxy C1-30. amine Ci_3o (primaire, secondaire ou tertiaire), thiol Ci«3o, 
aryle C6-20. alk6nyle Ci_20 ou alkynyle Ci_20. 1 .2-djcarbonyIe substitu6 par un groupe alkyle Ci_6 ou aryle C6-20: 
anhydride substitu^ par un groupe alkyle ou aryle C6-20; azom^thine substitute en N par rhydrogtne. ou un 
groupe alkyle C1-20 ou alkoxy C1.10 ou dialkylamino C1-10. ou en C par Itiydrogtne. ou un groupe alkyle C1.20 ou 
5 alkoxy C1-20; thiocarbonyle (C=S) substitu6 par un groupe hydroxyte. alkoxy C1-20 ou thiol Ci-2d; homologues du 
carbonyte; homologues du thiocartK)nyle et homologues de Tazomtthine; et 

L reprtsente un groupe partant, 
utilisant un adde de Lewis de fbrnnule (III) 

T 



15 



^7 



OU R5, Re et R7 sont choisis indtpendamment parmi les groupes suivants : hydrogtne; alkyle 61^20 pouvant §tre 
substKut par un groupe fluoro. bromo, chtoro, loda alkoxy C1.6 ou arytoxy Cb-^\ aralkyle C7-20 pouvant §tre subs- 

20 trtu6 par un halogtne. un groupe alkyle C1-20 ou alkoxy C1-20; aryle Ce.20 pouvant §tre substitut par un groupe 
fluoro, bromo, chloro, iodo, alkyle Ci_2o ou alkoxy Ci_2o; trialkylsilyle; fluoro; bromo; chloro et iodo; et 
Re est s6lectionn6 parmi les groupes suivants : fluoro: bromo; chloro; iodo; esters sulfonates Ci_20. pouvant §tre 
substituts par un groupe fluoro, bromo, chloro ou iodo; esters d'alkyle C1.2O' pouvant dtre substttu6s par un groupe 
fluoro. bromo, chloro ou iodo; halogtnures polyvalents; silyles trisubstitu§s de formule g6n6rale (R5)(R6)(R7)Si (ou 

25 R5. Re et R7 ont 6tt dtfinis d-dessus); aryle C6-20 s6l6n6nyle saturt ou insatur6; arylsulftnyle C6-20 substitu6 ou 
non; alkoxyalkyle Ce-20 sut)Stitu6 ou non; et trialkysiloxy 

2. Le proc§d6 en vertu de la revendication n"" 1 . comprenant de plus I'ttape de r^uctron du groupe R3 de la base 
purique ou pyrimidique gtycosylte. ou de ('analogue ou du d6rtv6 de cette base glycosyl^. visant k produire le cis- 

30 nucl^ide optlquement actif. ou I'analogue ou le d6riv6 de ce nucleoside de formule (I). 

3. Le proc^6 en vertu de la revendication n° 1 . comprenant de plus rttape de resolution du compost de formule (II) 
en un seul tnantiomtre, par I'utilisatlon d'un auxiliaire chlral. prtalabiement k la glycosylation de la base purique 
ou pyrimidique. 

35 

4. Le proc6d6 en vertu de I'une ou I'autre des revendications nM ^ 3, lorsque R2 est une base pyrimidique. 

5. Le proctdt en vertu de la revendication n*" 4, lorsque la base pyrimidique est la cytosine. 

40 6. Le proctdt en vertu de la revendication n** 4, lorsque la base pyrimidk]ue est la 5-f luorocytosine, 

7. Le proctdt en vertu de I'une ou I'autre des revendications n** 1 ^ 3, lorsque Tackje de Lewis est le triflate de trimt- 
thyisilyle ou bien i'iodotrimtthylsilane. 

45 8. Le proctdt en vertu de la revendication n"* 3, lorsque Tauxiliaire chiral est le (Gl)-menthol ou bien le (/)-menthol. 

9. Le proctdt en vertu de Tune ou I'autre des revendications n'' 1 d 3. lorsque R3 est s6lectionn6 parmi les groupes 
suivants : alkoxycarbonyle, carboxyles, ditthylcarboxamide, pyrrolidine amide, mtthylcttone et phtnylcttone. 

so 10. Le proctdt en vertu de la revendication n*" 9, lorsque R3 est un groupe alkoxycarbonyle ou bien cartx)xy. 



55 
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11 . Un interm^diaire de formule (It) 



5 




(II) 



70 oD 

W repr6sente O. S, S=0, SO2. NZ ou CH2; 

X repr6sente O. S. S=0. SO2. NZ. CH2. CHF. CH. CHN3 ou CHOH; 

Y repr^sente O, S. CH2. CH, CHF ou CHOH; 

Z repr^sente Thydrog^ne, ou un groupe hydroxyle, alkyle ou acyle; 
IS k condition que lorsque Y est CH2 et que X est O, S. S=0 ou SO2, W ne soit nl O, ni S, ni S=0, ni SO2; et en plus, 
k condition que lorsque X est un groupe CH, Y sort 6galement un groupe CH; 

R3 est s6lectionn6 parmi les groupes suivants : cartx)nyle substitu^ par I'hydrog^ne, ou un groupe hydroxyle, 
trialkylsilyle. trialkylsiloxy. alkyle Ci_3o, aralkyle C/^, alkoxy C1.30. amine Ci^o (priniaire, secondaire ou tertiaire), 
thiol Ci_3o. aryle C6-20> alk^nyle G1-20 ou alkynyle Ci_2o; 1 .2-dicait)onyle sut>stitu6 par un groupe alkyle Ci_6 ou 
20 aryle Ce-zoi anhydride substitu^ par un groupe alkyle ou aryle Ce.20i azom^thine substitute en N par I'hydro- 
gtne ou un groupe alkyle Ci_20 ou alkoxy Gi_io ou dtalkylamino C1.10. ou en C par I'hydrogtne ou un groupe alkyle 
C1-20 ou alkoxy Ci_2o; thiocarbonyle (C=S). substitu6 par un groupe hydroxyle, alkoxy Ci_20 ou thiol Ci_2o; homo- 
logues du carbonyle; homologues du thiocartx>nyle et homologues de Tazomtthine; et 

L repr^ente un groupe partant. 

25 

12. Un interm^iaire de formule (VI) 



30 




(VI) 



35 ou 

W repr6sente O, S, S=0. SO2. NZ ou CH2: 
X repr6sente O. S, S=0, SO2, NZ. CH2. CHF. CH, CHN3 ou CHOH; 
Y repr6sente O. S. CH2. CH, CHF ou CHOH; 
Z reprtsente Thydrogtne, ou un groupe hydroxyle, alkyle ou acyle; 
40 k condition que lorsque Y est un groupe CH2 et que X est O. S, S=0 ou SO2, W ne soit ni O, ni S, ni S=0, ni SO2; 
et de plus, k condition que lorsque X est un groupe CH. Y soit ^element un groupe CH; 

R3 est sttectionnt parmi les groupes suivants : cartx>nyle substitut par Thydrogtne, ou un groupe hydroxyle, 
trialkylsilyle. trialkylsiloxy, alkyle Ci_3o, aralkyle C/^. alkoxy Ci^3o. amine Ci_3o (primaire, secondaire ou tertiaire), 
thiol Ci_3o, aryle C6-20. alkynyle Ci_20 ou alkynyle Ci_2o; 1,2<licart>onyle. substitu6 par un groupe alkyle Ci_6 ou 
45 aryle C6-20i anhydride substitut par un groupe alkyle Ci_6 ou aryle C6-20; azom^hine substitute en N par I'hydro- 
gtne, ou un groupe alkyle Ci_2o ou alkoxy Ci_io ou dialkylamino Ci_io> ou en C par I'hydrogtne. ou un groupe 
alkyle Ci_20 ou alkoxy C1-20; thiocarbonyle (C=S) substitut par un groupe hydroxyle, alkoxy Ci_20 ou thiol Ci_2d: 
homologues du carbonyle; homok)gues du thiocartx^nyle et homologues de Tazomtthine; 
R4 reprtsente un auxiliaire chiral; et 
50 L reprtsente un groupe partant. 
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1 3. Un intermkiiaire de formule (VII) 




(VII) 



oil 

W repr§sente O. S. S=0. SO2. NZ ou CH2: 

X repr6sente O. S. S=0, SO2. NZ. CH2. CHF. CH. CHN3 ou CHOH; 

Y reprteente 0, S, CH2, CH, CHF ou CHOH; 

Z repr^sente Thydrog^ne, ou un groupe hydroxyle, alkyle ou acyle; 
^ condition que lorsque Y est un groupe CH2 et que X est O, S, S=0 ou SO2, W ne soit ni 0, nl S, ni S=0, ni SO2; 
et de plus, k condition que lorsque X est un groupe CH, Y soit 6galement un groupe CH; 

R2 est une base purique ou pyrimidique, ou un analogue ou un d^riv^ de cette base; 

R3 est s^lectionn^ parmi les groupes suivants : carbonyle substitu6 par I'hydrog^ne, ou un groupe hydroxyle. 
trialkylsilyie, trialkylsiloxy, alkyle C1-30. aralkyle C7-30. alkoxy C1.30, amine Ci_3o (primaire, secondaire ou tertiaire). 
thiol Ci_3o, aryle C6-20. alk6nyle Ci_20 ou alkynyle Ci_2o: 1 ,2<iicartx)nyle, substitu6 par un groupe alkyle Ci_6 ou 
aryle C6-20; anhydride substitu6 par un groupe alkyle Ci_6 ou aryle C6_2o; azom6thine substitute en N par Thydro- 
gtne, ou un groupe alkyle C1-20 ou alkoxy C1-10 ou diaikylamino Cu^o* ou en C par Thydrogtne, ou un groupe 
alkyle Ci_20 ou alkoxy C1.20; thiocaitonyle (C=S). substitut par un groupe hydroxyle. alkoxy Ci_20 ou thiol Cu70'» 
homologues du cartx)nyle; homologues du thiocart)onyle et homologues de I'azom^htne; et R4 reprtsente un auxi- 
fiaire chlral. 



14. Un Interm^laire de formule (VIII) 




(VIII) 



oil 

W reprtsente O, S, S=0, SO2, NZ ou CH2; 

X repr6sente O. S, S=0, SO2, NZ, CH2, CHF. CH. CHN3 ou CHOH; 

Y reprtsente O. S. CH2. CH. CHF ou CHOH; 

Z reprtsente Thydrogtne. ou un groupe hydroxyle, alkyle ou acyle; k condition que lorsque Y est un groupe 
CH2 et que X est O, S. S=0 ou SO2. W ne soit nl O. nl S. ni S=0. ni SO2; 

R2 est une base purique ou pyrimidique. ou un analogue ou un dtrivt de cette base; 
k condition que lorsque X est un groupe CH, Y soit 6galement un groupe CH, et que lorsque X est un groupe CHN3. 
R2 ne soit ni Tadtnine, ni un analogue ou un d6riv6 de Tadtnine; et 

R3 est s§lectionn6 parmi les groupes suivants : carbonyle substitu6 par Thydrogdne, ou un groupe hydroxyle, 
trialkylsilyie, trialkylsiloxy. alkyle Ci_3o, aralkyle Cy^o. alkoxy Ci_3o, amine Ci^o (primaire, secondaire ou tertiaire). 
thiol C1.30, aryle C^^z>* alktnyle Cu20 ou alkynyle C1.20; 1 ,2-dicarbonyte, substitu6 par un groupe alkyle Ci-e ou 
aryle Ce-zol anhydride substitut par un groupe alkyle Ci-e ou aryle C6-20; azomtthine sul>stitu6e en N par I'hydro- 
g6ne, ou un groupe alkyle Ci_20 ou alkoxy Ci^io ou diaikylamino Ci_io. ou en C par I'hydrogtne. ou un groupe 
alkyle Ci_20 ou alkoxy Ci_2o; thiocarbonyle (C=S) substitut par un groupe hydroxyle. alkoxy Ci_20 ou thiol Ci_2o; 
homologues du cart)onyle; homologues du thiocartx)nyle et homologues de Tazomtthlne. 

15. Un interm^iaire s6lectionn6 parmi les composts suivants : 
cis et frans-2R-carbo6thoxy-5-hydroxyt6trahydrofurane; 
cis et frans-2S-carbo6thoxy-5-hydroxyt6trahydrofurane; 
cis et /ra/i5-2R-carbotthoxy-5-ac6toxyt6trahydrofurane: 
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CIS et frans-2S-carbo6thoxy-5-ac6toxyt6trahydrofurane; 

r S-(N-4-ac6tylcytoslne-1 -yl)-4*R-cartx)6thoxyt6trahydrofurane; 

1 'S-(cytosine- 1 -yl)-4'R-carbo6thoxyt6trahydrofurane; 

r R-(5-fluorocytosine-1 -yl)-4'S-carbo§thoxyt6trahydrofurane et VS-(5-fluorocytosine-1 -yl)-4'S-carbo6thoxy- 
t§lrahydrofurane; et 

1 'S-(5-f luorocytosine- 1 -yl)-4*R-caitx)6thoxyt6trahydrof urane et 1 'R-{5-f luorocytosine-1 -yl)-4'R-cart)o6thoxy- 
t^trahydrofurane. 

Revendlcatlons pour I'Etat contractant sulvant : ES 

1. Un proc^6 de synthase diast^r^os^lective de c/s-nucl^ides optiquement actifs, d'analogues et de d^riv^s de 
nucl^ides de formule (0 : 



RiOCH2^ 




oCi 

Ri repr^ente Thydrog^e ou un groupe acyle; 

R2 repr^ente une base purique ou pyrimidique, ou un analogue ou un d6riv6 de cette base; 

W repr6sente S. S=0 ou SO2. O, NZ ou CH2; 

X repr^sente O. S. S=0 ou SO2. NZ. CH2. CHF. CH, CHN3 ou CHOH; 

Y repr6sente O. S, CH2. CH, CHF ou CHOH; et 

Z repr§sente I'hydrog^ne, ou un groupe hydroxyle, alkyle ou acyle; 

k condition que W ne soit ni O. ni S, n S=0, ni SO2. lorsque Y est un groupe CH2 el que X est O, S, S=0 ou 
SO2; et. 

en plus, k condition que lorsque X est un groupe CH, Y sort 6galement un groupe CH; 
le proc6d6 comprenant I'^tape de glycosylation de la base purique ou pyrimidique, ou de Tanalogue ou du d6riv6 
de cette base, avec un seul ^nantlom^re du compost de formule (II). 




ou 

R3 est Tun des groupes suivants : caibonyle substitu§ par I'hydrog^ne ou un groupe hydroxyle, trialkylsilyle, 
trialkysiloxy, alkyle Ci_3o, aralkyle Cy-ao, alkoxy Ci_3o, amine Ci_3o (primaire. secondaire ou tertiaire), thiol Ci_ 30. 
aryle C6_20. alk6nyle Ci_2o ou alkynyle Ci_2o; 1 .2-dicarbonyle substitu§ par un groupe alkyle C^e ou aryte Ce-aoi 
anhydride substitu6 par un groupe alkyle C1-6 ou aryle C6-20; azom^thine substitute en N par I'hydrog^ne, ou un 
groupe alkyle Ci_2o ou alkoxy Ci_io ou dialkylamino Ci_io, ou en C par rhydrog§ne, ou un groupe alkyle Ci_20 ou 
alkoxy Ci_2d; thiocarbonyle (C=S) sul>stitu6 par un groupe hydroxyle, alkoxy Ci_2o ou thiol Ci_2o: homologues du 
carbonyle; homologues du thiocarbonyle et homologues de Tazomtthine; et 

L repr^ente un groupe partant, 
utilisant un adde de Lewis de formule (III) 



R5 - Si - Rg 

R7 



an) 



ou 
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R5. Re et R7 sort choisis ind^pendammert parmi les groupes suivarts : hydrog^ne: alkyle C1-20 pouvant 
§tre substltu6 par un groupe fluoro, bromo, chloro. iodo. alkoxy Ci_6 ou aryloxy Ce-zo: aralkyle C7-20 pouvart §tre 
substitu6 par un halog^ne, un groupe aikyle Ci_2o ou alkoxy Ci_2o; aryle C6.20 pouvant §tre substitu6 par un groupe 
fluoro, bromo, cNoro, iodo, alkyle Ci_20 ou alkoxy C1-20; trialkylsilyle; lluoro; bromo; chloro et Iodo; et 
5 Rs est s^lectionn6 parmi les groupes suivants : fluoro: bromo; chloro; iodo; esters sulfonates C1-20. pouvant 

§tre substitu6s par un groupe fluoro, bromo, chloro ou iodo; esters d'alkyle Ci_20. pouvant §tre substitu6s par un 
groupe fluoro, bromo, chloro ou iodo; hatog^nures potyvalents; silyles trisubstitu^ de formule g^n^rale 
(R5)(R6)(R7)Si (ou R5, Re et R7 ont 6t6 d^finis ci<iessus); aryle C6-20 s^l^n^nyle satur6 ou insatur^; arylsulf^nyle 
C6-20 substltu§ ou non; alkoxyalkyle C6-20 substltu6 ou non; et trialkysiloxy. 

10 

2. Le proc6d6 en verin de la revendication n'' 1 . comprenant de plus i'^tape de reduction du groupe R3 de la base 
purique ou pyrimidique glycosyl^e. ou de Tanalogue ou du d§riv6 de cette base glycosyl^. visant k produire le cis- 
nucltoskJe optiquement actit ou I'analogue ou le derive de ce nucleoside de formule (I). 

15 3. Le proc^e en vertu de la revendication n** 1 , comprenant de plus I'^tape de resolution du compost de formule (II) 
en un seul enantiomere, par TutiHsation d'un auxiliaire chiral, pr^alablement k la glycosylatlon de la base purique 
ou pyrimidque. 

4. Le proc^de en vertu de I'une ou t'autre des revendications n** 1 ^ 3, lorsque R2 est une base pyrimidique. 

20 

5. Le precede en vertu de la revendication n^ 4, lorsque la base pyrimidique est la cytosine. 

6. Le proc^de en vertu de la revendication n"" 4, lorsque la base pyrimidique est la 5-f luorocytosine. 

25 7. Le proc^de en vertu de Tune ou Pautre des revendications n^ 1 ^ 3» lorsque I'acide de Lewis est le trif late de trim6- 
thylsilyle ou bien I'iodotrimethylsilane. 

8. Le proc^de en vertu de la revendication n"" 3. lorsque I'auxiliaire chiral est le (d)'menthol ou bien le (O-menthol. 

30 9. Le proc6d6 en vertu de Tune ou I'autre des revendications n"* 1 ^ 3, lorsque R3 est s^lectionne parmi les groupes 
suivants : atkoxycartx)nyle, carboxyles. diethylcartx)xamkie, pyn^olidine amide, m^thylc^tone et ph6nylcetone. 

10. Le proc^de en vertu de la revendication n" 9, lorsque R3 est un groupe alkoxycarbonyte ou bien cartx)xy. 

35 1 1 . Un precede de production d*un intermedlaire de formule (II) 



40 




ou 

45 W represente O, S, S=0. SO2, NZ ou CH2; 

X represente O, S, S=0, SO2. NZ. CH2, CHF. CH, CHN3 ou CHOH; 

Y represente O. S. CH2. CH. CHF ou CHOH; 

Z represente I'hydrogene, ou un groupe hydroxyle. alkyle ou acyte; 

k condition que lorsque Y est CH2 et que X est O, S. S=0 ou SO2, W ne soit ni O. ni S. ni S^, nl SO2; et 
50 en plus, k condition que lorsque X est un groupe CH. Y soit egalement un groupe CH; 

R3 est setectionne parmi les groupes suivants : carbonyle substitue par Thydrogene, ou un groupe hydroxyle. 
trialkylsilyle, trialkylsiloxy, alkyle Ci_3o, aralkyle C7_3o, alkoxy C1-30, amine Ci_3o (primaire, secondaire ou tertiaire). 
thiol Ci-30. aryle C6_20. alkenyte Ci_20 ou alkynyle Ci_2d; 1 .2-dicarbonyle subslitu6 par un groupe alkyle Ci_6 ou 
aryle C6-20: anhydride substitue par un groupe alkyle Ci_6 ou aryle Ce-zo; azomethine sut)strtuee en N par Thydro- 
55 gene ou un groupe alkyle C1.20 ou alkoxy C1.10 dialkylamino Ci^io, ou en C par ITiydrogene ou un groupe alkyle 
Ci_2o ou alkoxy C1-20. thiocartx)nyle (C=S). substitue par un groupe hydroxyle, alkoxy Ci_2o ou thiol C1.20; homo- 
logues du cart)onyle; homologues du thiocarbonyle et honfx>logues dc Tazomethine; et 

L represente un groupe partant; 
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y compris i'^tape de r^uction chimios^ectrve d'un interm^iaire de fbrmule (IV) : 



(IV) 




et la conversion du groupe hydroxyle reliant en groupe partant L. 



12. Un proc^6 de production d*un interm^ialre de fornnule (VI) 



R4' 




(VI) 



ou 



W repr6sente O. S. S=0. SO2. NZ ou CH2: 

X repr6sente O. S. S=0, SO2. NZ, CH2, CHF. CH. CHN3 ou CHOH; 

Y repr6sent6 O, S. CH2, CH. CHF ou CHOH; 

Z repr6sente I'hydrog^ne, ou un groupe hydroxyle, alkyle ou acyle; 

k condition que lorsque Y est un groupe CH2 et que X est O, S, S=0 ou SO2, W ne soit ni O, ni S, nl S=0, 
ni SO2; et de plus, d condition que lorsque X est un groupe CH. Y soit ^alement un groupe CH; 

R3 est s^lectionn^ parmi les groupes suivants : carkx)nyle substitu^ par Thydrog^ne, ou un groupe hydroxyle. 
trialkylsilyle, trialkylsiloxy, alkyle Ci_30. aralkyle C7_3o, alkoxy C 1^30, amine Ci_3o (primaire, secondaire ou tertiaire), 
thiol Ci_3o. aryle C6_20. alk6nyle Ci_20 ou alkynyle Ci_2o; 1.2-dicarbonyle. sut)stitu6 par un groupe alkyle Ci_6 ou 
aryle C6-20; anhydride substitu6 par un groupe alkyle Ci_6 ou aryle C6-20; a2om6thine substrtu6e en N par I'hydro- 
g^ne, ou un groupe alkyle C1.20 ou alkoxy Ci^io ou dialkylamino C1-10. ou en C par I'hydrog^ne. ou un groupe 
alkyle G1-20 ou alkoxy Ci_2o: thiocartx>nyle (C=S) 8ubstitu6 par un groupe hydroxyle. alkoxy C1-20 ou thiol G1-20; 
homologues du carbonyle; homologues du thiocarbonyle et homologues de Tazom^thine; 

R4 repr^sente un auxlliaire chiral; et 

L repr^ente un groupe partant; 

y compris I'^tape de couplage d*un interm^diaire de tbrmule (II) avec un auxlliaire chiral : 



OD 




13. Un proc^6 de production d'un interm^iaire de formule (VII) 




(VII) 



ou 



W repr6sente O, S, S=0, SO2, NZ ou CH2; 

X repr6sente O, S. S=0. SO2, NZ. CH2. CHF. CH, CHN3 ou CHOH; 

Y repr6sente O. S. CH2. CH. CHF ou CHOH; 
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Z repr^ente Thydrog^ne. ou un groupe hydroxyle. aikyle ou acyle; 

^ condition que lorsque Y est un groupe CH2 et que est X est O. S, S-0 ou S02^ W ne soit ni O. ni S. ni S=0, 

ni SO2; et 

de plus, k condition que lorsque X est un groupe CH, Y soit 6galement un groupe CH; 

R2 est une base purique ou pyrimldique, ou un analogue ou un d6riv6 de cette base; 

R3 est s§lectionn6 parmi les groupes suivants : carbonyte substitu6 par Thydrog^ne. ou un groupe hydroxyle, 
trialkylsilyle. trialkylsiloxy, aikyle C1.30, aralkyle Cy^o. alkoxy Ci_3o, amine Ci_3o (primaire. secondaire ou tertiaire). 
thiol Ci_3o, aryle Ce-zo. alk^nyle C1-20 ou alkynyle C1-20; 1.2-dicarfoonyle, substitu^ par un groupe aikyle Ci_6 ou 
aryle C6.20: anhydride substitu6 par un groupe aikyle Ci-e ou aryle C6-20: azom6thlne substitute en N par i'hydro- 
g^ne. ou un groupe aikyle Ci_2o ou alkoxy Ci_io ou dialkylamino Cu^o* ou en C par Thydrog^ne, ou un groupe 
aikyle Ci_2o ou alkoxy Ci_2o; thiocarbonyle (C=S). substitut par in groupe hydroxyle. alkoxy Ci_20 ou thiol C1-20; 
homoiogues du carbonyle; homologues du thiocarbonyle et honfK>logues de I'azom^hine; et 

R4 reprtsente un auxiliaire chiral; 
y compris Tttape de reaction entre un interm^iaire de forniule (VI) et une base purique ou pyrimldique silylte, ou 
un analogue ou un d6riv6 de cette base, 




ou L est un groupe partant. 
14. Un proc^6 de production d'un interm^iaire de formule (VIII) 




(VIIT) 



ou 

W reprtsente O, S, S=0. SO2. NZ ou CH2: X repr6sente O. S, S=0, SO2, NZ, CH2, CHF, CH, CHN3 ou CHOH; 

Y repr^sente O. S CH2. CH, CHF ou CHOH; 

Z repr^ente Thydrogtne, ou un groupe hydroxyle, aikyle ou acyle; 

k condition que lorsque Y est un groupe CH2 et que X est O. S, S=0 ou SO2, W ne soit ni O. nt S, ni S=0, ni SO2; 

R2 est une base purique ou pyrimldique, ou un analogue ou un dtrivt de cette base; 

k condition que lorsque X est un groupe CH, Y soit tgalement un groupe CH. et que lorsque X est un groupe 
CHN3, R2 ne soit ni I'ad^nine, ni un analogue ou un d6riv6 de rad6nine; et 

R3 est stiectionnt parmi les groupes suivants : cartx)nyle substitu6 par Thydrog^ne, ou un groupe hydroxyle, 
trialkylsilyle. trialkylsiloxy, aikyle C1-30. aralkyle C7-30. alkoxy Ci-so. amine C1-30 (primaire, secondaire ou tertiaire), 
thiol C1.30, aryle C6-20. alkynyle Ci_2o ou alkynyle Ci_2o; 1 .2-dicartx)nyle. substitut par un groupe aikyle Ci-e ou 
aryle Ce-20: anhydrkJe substitu6, par un groupe aikyle Ci_6 ou aryle C6-20: azomtthine substitute en N par Thydro- 
g^ne, ou un groupe aikyle C1-20 ou alkoxy Ci_io ou dialkylamino Ci.io, ou en C par I'hydrogtne. ou un groupe 
aikyle Ci_2d ou alkoxy Ci^2o; thiocarbonyle (C=S) substitut par un groupe hydroxyle, alkoxy Ci_20 ou thiol Cu2D', 
homologues du carbonyle; homologues du thiocarbonyle et homologues de Tazomtthine; 

y compris Tttape de reaction entre un intermtdiaire de formule (II) et une base purique ou pyrimidque silylte, 
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ou un analogue ou un d6riv§ de cette base. R2 : 




ou L est un groupe partant. 

15. Un proc^6 en vertu des revendications 11 ou 14, oCi rinterm6diaire produit est s6lectk)nn6 parmi les composes 
suivants : 

CIS et frans-2R-carbo6thoxy-5-hydroxyt6trahydrofurane; 
cis et frans-2S-cait)o6thoxy-5-hydroxyt§trahydrofurane; 
cis et frans-2R-cartx>6thoxy-5-ac6toxyt6trahydrofurane; 
cis et frans-2S-carbo§thoxy-5-ac§toxyt^hydrofurane; 
1 'S-(N-4-ac6tylcytosine-1 -yl)-4'R-cartx)6thoxyt6trahydrofurane; 
1 •S-(cytosine-1 -yO-4*R-carbo6thoxyt§trahydrofurane; 
rR-(5-fluofocytosine-1 -yl)-4'S-car1x)6thoxyt6trahydrofurane et 
1'S-{5-f luorocytosine-1 -yl)-4'S-carlx)6thQxyt6trahydrofurane; et 
rS-(5-f luorocytosine-1 -yl)-4'R-cartx)6thQxyt6trahydrolurane et 
1'R*(5-fiuorocytosine-1-yO-4'R-cark>o6thoxyt6trahydrofurane. 
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